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Presidenoy. Pt. 2, 1872 (out of print) (price 1 Re.) : Itkhuri Coal-field. — 
DaLtongaaj Coal-tieid. — Ghope Coal-field. 
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basin. Ft. 2, 1800 {out of print) {price 2 Ks. 4 As.) : Geology of Sub< 
Himalaya of Garhwal and Kumaun. Pt. 3, 1800 {out of print) {prke 
1 Re. 4 As.) : Geology of South Malabar, between Beypore and PounAni 
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XXV. 1896 (out of print) {price 5 R8»): Geology of Bellaiy Dietriot, Madras Piw- 
denoy. 

XXVI. 1896 (old of print) {price 6 Rs.) : Geology of Hazara. 

XXVII. Pt. 1; 18^ (otd of prini) {price 1 Re.) : Marine Fossils from Miocene of 
Upper Burma. A. 2, 1897 (oid of prini) {price 4 Rs.) ; Petroleum in 
Burma and its technical exploitation. 

XXVllI. Pt. 1, 1808 (Old of print) {price 2 Rs.) : Geological Structure of Cliitichun 
region. — ^Allahbund in norldi-west of Rann of Kuchb. — Geology of parts 
of Myingyan, Magwe .Hid Pakokku Districts, Burma. — Geology of Mikii 
Hills in As-saiu — (Joology of Tir.ili and Bazar Valley. Pt. 2, 1900 {prirr, 

3 Rs.): (Uiarnockito Sfrie-s group of Archsean Hy|iorsUu‘ni' Rooks in 
Peninsular India. 

VoL. XXIX. 1900 (price 5 Rs.) : Earthquake of 12th ilune 1897. 

VOL. XXX. Pt. 1, 1900 {price 2 Rs.) : Aftershocks of Great Earthquake of 12th Juno 
1897. Pt. 2, 1900 {price I Re.) : Geology of neighbourhood of Salem, 
Madras Presidency. I^. 3, 1901 (price 1 Re.): Sivamalai Seii\>s of 
Elueolite-Syenites and Corundum Syenites. Pt. 4, 1901* (price 1 Re.): 
Geological Congress of Paris. 

VoL. XXXI. Pt. 1, 1901 (out of print) {price 2 Rs.) : Goology of Son Valley in Rewah 
State and of Farts of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.): 
Baluchistan Desort and part of Eastern Persia. Pt. 3, 1001 (price I Re.) : 
Peridotites, Serpentines, etc., from Ladakh. 

VOL. XXXTI. Pf. 1, 1901 (price 1 Re.}: Recent Artesian Experiments in India. Pi. 2, 
1901 (price 2 Rs.): Bampur Coal-field. Pt. 3, 1902 (pri*e 3 Rs.): 
** Exotic Blocks” of Malta Johar in Bhot Mahals of Kumann. Pt. t, 
1904 {out of print) (price 3 Rs.) : Jammu Coal-fields. 

VoL. XXXIII Pt. 1, 1901 (price 8 Rs.) : Kolar Gold-field. Pt. 2, 1901 {^ice 2 Rs.) : Art. 

I : Gold-fields of Wii^d. Art. 2 : Auriferous Quartzites Parhadiab, 
Ghota Nagpur. Ari;. 3: Auriferous localities in North Coimbatore. 
Pt. 3, 1902 (price 1 Re.) ; Geology of KaJahaodi State, Ckmtral Provmcea. 

VoL. XXXIV. Pt. 1, 1901 (price 1 Re.): Peculiar form of altered Peridotite in MysDre 
State. Pt. 2, 1902 (out of print) {price 3 Ks.) : Mica deposils of India. 
Pt. 3, 1903 (price 1 1^.) : Sandhills of Clifton near KarachL Pt. 4, 1908 
(old of print) {price 4 Rs.) : Geology of Persian Gulf and adjoining portions 
of PeniA and Aiabia. 

VoL. XXXV. Pt. 1, 1902 (otd of prini) {p/rice 2 Rs.) : Geology of Western Kajputana. 

Pt. 2, 1003 (price 1 Re. ) : Aftershocks of Great Earthquake of 12tb June 
1897. Ft. 3, 1^, Rep. 1^4 (price 1 Re. i I As.) : Seismic phenomena iu 
British India and their connection with its Geology. Pt. 4, 1911 (prir<; 
1 Be.) : Geology of Andaman Islands, with reference to Nicobars. 

VoL. XXXVI. Pt. I, 1004 (price 4 Be.): Geology of Spiti. Pt. 2, 1907 (price 3 Rs.): 

Geology of Provinces of Tssng and 0 in CentralTibor. Pt. 3, 1912 
(price 3 Rs.) : Trisa of the Himslayss* 

VOL. XXXVII. 1909 {price of complete volume 8 Rs.): Manganese-Ore Deposits oi India; 

Pt. 1 (Old of print) {price 3 Rs.) : Introduction and Mineralogy ; Pt. 2 
(oitf ef print) (price 3 Rs.) : Geology ? Pt. 3 (out of print) (price 3 Its.) : 
Eopnoimos and Mining ; Pt. 4 (otd of print) (price 5 Ks.) : Doscriptioo 
of Depoeita. 
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PALiEONTOLOGlA INDICA. 

(Sita. 1, HI. 7, VI, VIU.)-CRETACEODS FAUMA Ob’ SOUrTIlJlW INDIA, b>t 
' F. STOUOZKA, e*eqj< Voi. I, Pt. I, H. F. ULANFORD, 

Sjeb. I & HL— VoL. I. The Cephalopoda (1861-05), pp, 216, pin. 91 (6 doable) (/jm< of 

prini). 

J V,— VoL. II. The Gastropoda (1867-68), pp, xiil, 500, pig. 28 (out of print), 

VI. — VoL. III. The Peiocypoda (1870-71), pp. xiii, 537, pig. 60. 

VIII. — ^VoL, IV. The Hrachiopoda, Ciliopoda, Eehiriodermata, Corals, oto. (1872- 

73), pp. 202, pis. 20. 

(Sbr. II, XI, XII.)— THE FOSSIL FLORA OP THE GONDWANA SYSTEM, 0. 

PEISTMAXTEL, except VoL. I, Ft. 1, 6y T. OLDHAM and J. MORUrS. 

VOL, I, pp. xviii. 233, pis. 72, 1863-79. Pt. 1 (out of print): Rajinahal Group, RAjmahal 
Hill. Pt, 2 ; The name (corUinucd), Pt. 3 : Plants from Golapilli, Pt. 
4 ; Outliers on tho Madras Coast. 

VoL. TI, pp. xli, 115, pis. 20, 1870-78. Pt. 1 : Jurassio Flora of ICach. Pt. 2 : Flora of the 
Jabalpur group. 

VoL, m, pp. xi, 01+149, pis. 80 (9 doublo) (l-XXXIf lA-XLVIIA). 1879-81. Pt. 1: 

Tho Flora of the Talchir-Karharbari bods. Pt. 2 : Tho Flora of the 
Damuda and Panchot Divisions. Pt. 3 : The sa7ne (concluded), 

VoL. IV, pp. xxvi, 26+66, pis. 35 (2 doublo) (1-XXl+IA-XlVA). Pt. 1 ^1882) (out of print): 

Fossil Flora of tho South Rowah Goiidivana basin. Pt. 2 (1880) : FoshU 
Flora of some of tho coal-liclda in Western iieugal. 

(Skb. IX.)— jdrassjo fauna of KUTCH. 

Voti. 1 (1873-76). The Cephalopoda, pp. i, 247, pis. 60 (6 doublo), by VV. Waaoisn. 

VoL. II, pt. 1 (1893). The Eohiiioidua oi Raoh, pp. 12, pis. 2, by J. VV. GfiECrOitx (out of print), 

Vor.. IJ, pt. 2 (1900). Tho (Jorals, pp, 196, 1-lX, pis. 26, by J, W. CBBOuttY. 

VoL, III, pt. 1 (1900). The Braobiopoda, pp. 87, pis. 15, by F. L. Kitoujj^. 

Vor.. Ill, pt. 2 (1903). Lamellibraneliiata ; Geuus Trigoiiia, pp. 122, pis, 10, by F. L. Kctobik. 

(Seb IV.)— INDIAN PRE-TERTIARY VEIVrERRATA. 

VoL, I, pp. vi, 137, pis. 20. 1865-85, Pt. 1 (1865) : Tho Vertebrate Fossils from tho Paricliet 
Focl^. by T, H, Huxley, Pt, 2 (1878) : The Vertebrate Fossils of t'lo 
Ivota-Maieri Group, by SiR P. de M.. Grby Eoiuiton, L. C. Miale, 
and \V. T. Ulanpobd. Pt, 3 (1879): Roptdia and Ra'.rachia, by 
R. Lydekkeb. Pt. 4 (1885) (ouf of print) : The Labyrinthodont from tho 
Bijori group, by R. Lydek&ek. Pt, 5 (1885) (out oj print): The Reptilia 
and Amphibia of iho Maiori and Don^r by R. Lydekkeb. 

(Sbh. X.)— INDIAN TERTIARY AND POST-TERTIARY VERTERRATA, 
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VoTj. I, pp. XXX, 300, pis. 50, 1874-80. Pt. 1 : Rhinoceros dcccaueDsis. Pt.2 : Molar teeth and 
other remains of Mamm.^ia. Pt. 3: Crama of Ruminants. Pt. 4: 
Supplements to Pt. 3. Pt. 6 : Siwalik and Narbada Probosddia. 

VOTu II, pp. XV, 363, pis. 45, 1881-84. Pt. 1 : »Siwaiik Khiuocerotidrs. Pt. 2 ; Supplement 
to Siwnlik and Narbada Proboscidia. Pt. 3 : Siwalik and Narbada 
Equidse. Ft. 4 : Siwaiik Camclopardalidtc. Ft. 5 : Siwalik Seleiiociont 
Suina, etc, Pt. 6: Siwalik a;:d Narbada Carnivora. 

VoL. HI, pp. xxiv, 264, pis. 38, 1884-86. Pt. 1 (out of pnni) : Additional Siwa»ik Perisscdao 
tyla and Proboscidia. Pt. 2 (out of print): Siwalik and Narbada 
Buuodont Sulna. Pt. 3 (out of print) : Rodents auvl nev* ivuiuinaots 
from the Siwaliks. P|. 4 (out of print) ; Siwahk lijrds. Pt, 5 [out rf 
print) : Mastodon Teeth from Perim Island. Pi , 6 [out of print) : 
EiwaUk and Narbada Chclonia. Pt. 7 (out of print), Siwalik Cioccdiliu 
LacertiJia and Ophidia. Pt. 8 (out of pnnt) : Tert ia^^y Fishes. 

* VoL. IV, pt. 1 (Old pnnt), 1886, pp. 18, pl». 6. Siwalik MammoUa (Supplement). 

VoL. XV, pt. 2 (owl of print), 1886, pp. 40 (19-68), pis. 6 (vii-.xi). Tho l» auaa of the Kamul 
caveo (and addendum to Pt. 1). 

Yoii. IV, pt. 3 {out of print), 1887, pp. 7 (59-65), pis. 2 (xu-xii). Eocene Chelonia from the 
Salt-range. 
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(Sen. VXI, XIV.)-TERTIARY AND UPPER CRBTAOEOdS PAUIJA Otf WBSTBHI* 
INDIA. Ay P. MARTIN DUNOAN W. PERCE Y SLADBN, ejcoBpt Pt. 1, AyP. 
STOLIOZKA. 

VoL. I, pp. 16+110+382+91«599, pis. 5-f 28+58+ 13» 104. 1871-85. Pt. 1 (oirf tfprifU ) : 

Tordaiy Crabs from Sind and ELaoh. Pt. 1 (new 2) : Sind Foam Cnrals 
and Aloyonaria ; by P. Martin Dnnoan. Pt. 3 : The Fossil Bohinoidea 
of Sind: Fas. 1, The OardiUa beaumanU beds; Foe. 2, The Ranikot 
Series in Western Sind ; Fas. The Khirthar Series ; Foe, 4, The Nari 
(Oligooene) Series ; Foe. S, The Gaj (Miooene) Series ; Few. 6, The Makr4n 
(Plioeene) Series ; by Dunoan and leaden. Pt. 4 : Fos^ Ebhinoidea 

of Kaoh and Kattywar ; by Dnnoan, Sladen and Blanford. 

(Sjsb. XllI.)--^ALT-RANa£ FOSSILS, 6y WnXIAM WAAGEN, FrJ). 
IVftductiis.LiiRosWno Group : Vol. 1, Pt. 1 (1879). Pisces, Cephalopoda* pp. 72, pis. 6. 

„ „ ,y „ 2(1880). Gastropoda and supplement to Pt. 1, pp. Ill 

(73-183), pis. 10 (1 double), (Tii-xvi). 

„ „ 3 (1881). Peleoypoda, pp. 144 (186-328), pis. $ 

(xrii-zziT). 

,, „ „ „ 4 ^^82-85 ).^ ^ Bn ushiopoda, pp. 442 (329-770), pis. 

„ „ „ ,, 5 (18w). Bryozoa-Annelids-Eohinodermata, pp. 64 

(771-834), pis. 10 (Ixxrvii-xovi). 

„ „ „ „ 6 (1880). Coslenterata, pp. 90 (836-924), pis. 20 

(xovii-oxvi). 

„ „ „ „ 7 (1887). Cmlenterata, Protosoa pp. 74 (925-998), 

pis. 12 (cxvii-ozxviii). 

Fossils from the Ceratite Formation : Vol. U, Pt. 1 (1895). Pisces- Ammonoidea, pp. 324. 
pis. 40 (otti of print). 

Geological Results : Vol. IV, Pt. 1 (1889), pp. 1>88, pis. 4 (otif o/;pr»9i<). 

„ „ „ „ 2 (1891), pp. 89-242, pis. 8 {out o/ print). 

(Sbk. 3^r.)_HIWAIJVTAN J?OSSILS. 

Upper-triassio and liassio faiinis of the eaotb blocks of Malla Johar in the Bhot Mahals 
of Kumaon : Vol. I, Pt. 1 (1908), pp. 100, pis. 16 (I double), by Dr. 0. Diener. 

Anthracolithio Fossils of Kashmir and Spiti: Vol. I, J’t. 2 (1899), pp. 96, pis. 8, by Dr, C. 
Dienor. 

Thu Permooarboniforous Fauna of Chitichun No. I : Vol. I, L*t« 3 (1897), pp. 105, pis. 13, by 
Dr. 0. Diener. 

The Permian Fossils of the Produotus Shales of Kumaon and Garhwal : Vol. I, Pt. 4 (1897), 
pp. 64, pis. 5, by Dr. 0. Diener. 

The Permian Fossils of the Central llimalayaB : Vol. I, Pt. 5 (1903), pp. 204, pis. 10, by Dr. C. 
Diener. 

The Cephalopoda of the Lower Trias : VoL II, Pt. 1 (1897), pp. 182, pis. 23, by Dr. C. Diener. 
The Cephalopoda of the Musohelkalk : Vol. 11, Pt. 2 (1895), pp. 118, {ds. 31, by Dr. C. Diener. 
Upper Waasio Cephalopoda Fauna of the Himalaya : Vol. UI, Pt. 1 (1899), pp. 157^ pis. 22, by 
Dr. £. von Moisisovics. 

Trias Braohiopoda and Lamellibranchiata : Vol. Ill, )^. 2 (1899), pp, 76, pis. 12 (2 double), 
by Alexander Bittner. 

The Fauna of the Spiti Shales : Vol. IV. Cephalopoda : Fasc. 1 (1903), pp. 132, pis. 18 ; Faso. 
2 (1910), pp, 133-306, pis. 47 (2 double) ; Faso. 3 (1910), pp. 307-395, pis. 32 ; by Dr. V. 
Ublig. Lumellibranohiata and GastroTOda ; Fasc. 4 (1013), pp. 397-456, pis. 7 ; by Dr. 
K. Holdhaus. Additional Notes on the Fauna of the Spiti Shales: Fasc. 5 (1914), pp. 
457-611, pis. 4 ; by Miss Paula Steiger, Ph.D. 

The Fauna of the Tropites-lamestone of Byaiis ; Vol. V, Memoir No. 1 (1906), pp. 201, pis. 17 
(1 doublb). by Dr, C. Diener. 

The Fauna (d the Himalayan Musohelkalk ; VoL V, Memoir No. 2 (1907), pp. 140, pis. 17 (2 
double), by Dr. 0. Dkmer. 

Ladinio,C^mlcandNorio Faun» of Spiti ; Vol. V, Memoir No. 3 (1908), pp. 157, pis. 24 (3 double), 
by Dr. C. Diener. 

Lower Triasslc Cephalopoda from Spiti, Malla Johar and Byaiis : Vol. VI, Memoir No. 1 (1909), 
pp. 186, 31, by Drs. A. von Kraft and C. Diener. 

The Fauna of the '[^umatocrinus Limestone of Painkhanda : Vol. VI, Memoir No. 2 (1909). 
pp. 39. pis. 6, by Dr. C. Diener. 

the Cambrian Fossils of Spiti : Vol. VII, Memoir No. I (1910), pp. 70, pis . 6, by F. K. 0. Reed. 
Ordovician and Silurian fossils from the Central Himalayas ; Vdl. Vll, Memoir No. 2 (1912), 
pp. 168, pis. 20, by F. R. 0. Reed. 
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(Sbb. XVI.)— BALlMttlSTAN J^OSStLS, by FRITZ tiO&HLim. Fjs.!).. F.a8. 

I'he Fauna of the KoUaways of Ma84r Orik : Vol. 1, Pt. 1 (1895), pp. 22, 13. 

The Fauna of the (Neooomian) Belemnito Beds : Vol. 1, Pt. 2 (1897), pp. 6, pis. 2 (oul of FfM)t 
The Fauna of the upper Oretaoeous (MaSstriohtion) Beds of the Mhri lliUs : Yol. I, Pt. 3 (1897)9 
pp. 79, pb. 23 (out ofprini). 

The prioe fixed for these puUioations is four annas per single plate, with a minimum ohaige 

of Re. 1. 


(NEW SERIES.) 

Tlio Cambrian Fauna of the Eastern Salt-range: Vol. 1, Memoir 1 (1899), }ip. U, pi. 1, by K. 
Redlioh. Rdoe 1 Re. 

Notes on the Morphology of the Peleoypoda : Vol. I, Memoir 2 (1899)» pp. 58, pis. 4, by Dr. Frits 
NoetUng. I^oe IRe. 4 As. 

Fauna of the Miocene Beds of Burma : Vol. I, Memoir 3 (1901), pp. 378, pis. 25, by Or. Frits 
Noetling. Prioe 6 Bs. 4 As. (out of prini). 

Observations sur qud<mes Plantes Fossiles des Lower Oondwanas : Vol. If, Memoir No. 1 (1902), 
pp. 39, pis. 7, by R. Z^ler. Prioe 1 Re. 12 As. 

Permo-Carboniferous Plants and Vertebrates from Kashmir: Vol. II, Memoir No. 2 (1906), 
pp. 13, pis. 3, by A. G. Seward and Dr. A Smith Woodward. Prioe 1 Re. 

The Lower Palaozoio Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir No. 

3 (1906), pp. 154, ids. 8, by F. B. G. Reed, Prioe 2 Rs. 

The Fauna of the Napeng Beds or the Bhastio Beds of Upper Burma : Vol. II, Memoir No. 4 
(1908), pp. 88, pis. 9^ by Miss M. Healey. Price 2 Bs. 4 As. 

The Devonian Faunas of the Northern Shan States : Vol. tf. Memoir No. 6 (1908), pp. 183, pis. 
20, by F. R. O. Reed. Prioe 6 Bs. 

The MoUusoa of the Banikot Series : Vol. Ill, Memoir No. 1 (1909), pp. xix, 83, pis. 8, by M. 

Cossmann and G. Plssano. Introduction, by E. W. Viedenburg. Prioe 2 Rs. 

The Braohiqpoda of the Namyau Beds, Northern Shan States. Burma : Vol. Ill, Memoir No. 

2 (1917), pp. 264, pis. 21, by S. 8. Buokman. 1‘rioe 5 Bs. 4 As. 

On some Fi^-remains from the Beds of Donga^aon, Central Provincos ; Vol. Ill, Memoir 
No. 3 (1908), pp. 6, pi. 1, by Dr. A. Smith Woodward. Price 1 Re. 

Anthraoolithio Fosw of the Shan States : Vol. Ill, Memoir No. 4 (1911), pp. 74, pis. 7, by Dr. 
G. Diener. Prioe 1 Re. 12 As. (put of print). 

The Fossil Giraffldsa of India : Vol. IV, Memoir No. 1 (1911), pp. 29, pis. 5, by Dr. G. E. Pilgrim, 
Price 1 Re. 4 As. 

TJio Vertebrate Fauna of the Gaj Series in the Bugti Hills and the Punjab : Vol. IV, Memoir 
No. 2 (1912), pp. 83, pis. 30 and map, by Dr. G. E. Pilgrim. Price 8 Rs. 

Lower Gondwana Plants from the Golah^h Pass, Kashmir : Vol. IV, Memoir No. 3 (1912), 
pp. 10, pis. 3, by A. C. Seward. Price 1 Re. 

Mesozoic Plwta from Af^anistan and Afghan-Turkistan : Vol. IV, Memoir No. 4 (1912), pp. 
57, pis. 7»by A.O. Seward. Prioe 1 Re. 12 As. 

Triossic Fauna of Kashmir : Vol. V, Memoir No. 1 (1913), pp. 133, pis. 13, by Dr. C. Diener. 
Price 3 Bs. 4 As. 

Tho Anthxacolithio Fannie of Kashmir, Kanaur and Spiti : Vol. V, Memoir No. 2 (1915), pp. 

135, pis. 11, by Dr. C. Diener. Price 2 Bs. 12 As. 

Le Cr6tac6 et TEocbie du Tibet Central : Vol. V, Memoir No. 3 (1910), pp. 52, pis. 16, by Prof. 
Henri Douvill6. Price 4 Bs. 

Supplementary Memoir on New Ordovician and Silurian fossUs from the Northern Shan States : 

Vol. VI, Memoir No. 1 (1915), pp. 98, pis. 12, by F. B. C. Reed. JMce 3 Rs. 

Devonian Fossils from Chit^ and de Pamirs : VoL VI, Memoir No» 2 (19^), pp. 136, pis. 16, 
by F. B. C. Reed. Prioe 4 Rs. 

Ordovician and Silurian Fossihi from Yunnan : Vol. VI, Memoir No. 3 (1917), pp. 39, pis. 8, 
by F. R. G. Reed. Pri3e2H8. 

Upper Carboniferous FossUs from Ghitral and the Pamirs : Vol. VI, Memoir No. 4 (1925), x>p. 

134, pis. 10, byJF. R. 0. Reed. Prioe 9 Bs. 13 As. 

Indian Gondwana Plants : A Revision : Vol. Vll, Memoir No. 1 (1920), pp. 41, pis. 7, by A. C. 
Seward and B. Sahni. Price 1 Be. 12 As. 

The Lamellibrancbiata of the Eocene of Burma : Voi. VII, Memoir No. 2 (1923), pp. 24, pis. 7, 
by Dr. G. de P. Cotter. Price 3 Bs. 10 As. 

A Review of the Genus Gisortia with deseriptions of several species : Vol. VII, Memoir No. 3 
(1926), pp. 78. pis. 32, by E. Vredenbnig. Price 10 Rs. 6 As. 

An inoompiete skull of Dinotheriom with notes on the Indian forms : Vol. VII, Memoir No. 4 
(1024), pp. 13, pis. 3^ by R. W. Palmer. Price I Re. 2 As. 

Contributions to the Paleontology of Assam s Vol. VI U, Memoir No. I (1923), pp. 74, pis. 4, by 
Erioh Spongier. Prioe 6 Rs. 

The Anthra^th^de of the Dera Bu^ deposits in Baluchistan : Vol. Vlll, Memoir No. 2 
(1924), pp. 59, pis. 7, by C. Forster Cooper. Prioe 4 Be. 
ThePeiiseooaoMaqltlmEooeiieofBunna: VoLVlII, Memoir No. 3 (1926), pp.28,pli,2,by 
Dr. G» E. Pilgrim* Prioe 1 R^ 9 As. 
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Tbe Fosiail Suidflo in India : VoL VIU^ Memoir No, 4 (1926), pp. 05, pis. 20, by Dr. Q. B, Pilgrim, 
Prioe 11 Bs. 12 As. 

On the jUlake CoUeotion of Ammonites from ZOiohb ; Vol. IX, Memoir No. 1 (1024), pp. 29, by 
L, F. Spath. Prioe 12 As. 

il.o\ri8ion of the Jiirassto Gephalopod Fauna of Kachh (Gntoh) ; Vol. IX, Memoir No. 2. Part 1 
<1927), pp. 71, pis. 1-7, price 4 Rs. 12 As. ; Part 11 (1928), pp. 73-161, pis. 8-19, prioe 
7 Rs. 14 As. ; Part III (192S), pp. 163-278, pis. 20-47, prioe 15 Rs. 4 As . ; Part IV 
(1931), pp. 279-550, pis. 48-102, prioe .34 Rs, 12 Aa. ; Part V (1931), pp. 551-658, 
pis. 103-124, price 12 Bs. 14 As. ; Part VI (1933), pp. i-vii, 659-945, pis. 125-130, price 

13 Rs. 8 As., by L. F. Spath. 

Palaeozoic and Mesozoic Fossils from Vunnan : Vol. X, Memoir No. 1 (1927), pp. 291, pis. 
20, by F. B, C. Reed, Price 20 Rs. 9 As. 

The Moliusoa of the Ranikot Series (together with some species from the Oardlta Beaumont i 
Beds) : Vol. X, Memoir No. 2 (1927), pp. 31, pis. 4, by M. Oossmami and G. Pissarro, 
revis^ by the late E. Vrcdenburg. with an introrliictioti and editorial notes by Dr. 
C4. dc P. Cotter. Price 2 Ks. 6 As. 

Les Conches a Gardita Beaumonti : Vol. X, Memoir No. 3. I.ftj Couches a Cardita Beaumonti 
dans le Bclouchistan ; Ji'asc. 1 (1928)^ pp. 25, pis. 4, price 2 Rs. 12 As. ; Los Couches a 
Cardita Beaumonti dans lo Sind : Fosc. 11(1920), pp. 27-7.3, pis. 5-11, price 4 Us, 8 Aa. ; 
by Prof. lienri DottviU6. 

A Sup2)lemont to tiie Moiinsci ol the Uanikut Series ; Vol. X, Memoir No. 4 (1928), pp. 75, piss. 9, 
by the late B. W. Viedfciiburg, edited with notes by Dr. G. de P. Cotter. Price 6 Rs. 12 As. 
Revisions of Indian Fossil Plants : Vol. XL (k)iiiCeralca (&. impressions and 1 norustations) : 
Part I (1928), pp. 1-49, pis. 1-6, price 2 Rs. 12 As. ; Ooniforaies (b. Petrifactions) : 
Part J1 (1931), pp. 51-124, pis. 7-15, price 7 Rs. 6 As. ; by Prof. K, Salmi. 

The f'auna cf the Agglomeratic Slate Sarieb of Kashmir : Voj. XII (1928), pp. 42, pis. 8, by 
the late 11. S. Bion, with an Introductory Chapter, by C. S. Middicmiss. Price 6 R.s. 8 As. 
The Artiodactyla of the Eocene of Burma : Vol. XIll (1928), pp. .39, pi > 4, by Dr. G. E. Pilgrim. 
Price 3 Rs. 12 As. 

A SivapithecuB Palate and other Primate hossils fn>m India : Vol. XIV (1927), pp. 24-, pi. I, 
by Dr. G. E. Pilgrim. Price 1 Re. S As. 

The Fossil Fauna of the Sainana Range and .some Neighbouring Areas : Vol. XV, x\n In- 
troduotory Note ; Part 1 (1930), jip. 15, pis. 1-4, price 1 Re. 4 As. ; by Lt.-Col. L. M. 
Davies, H.A., F.G.B. The. Aibiaii Echiiioidea : Part II (1930), pp. 7-23, pi. 4a, price 
12 A.S. ; by Ethel D. Currie, B.iSc., Ph.D., F.G.B. The Braebiopoda : Part 111(1930), 
pp. 25-37, pla. 5-6, price 1 Re. 4 As. ; by Helen Marguerite Muir-Wood, M.Sc., F.G.S. 
i.o\yer Albian Gastropoda and LaineJiibranchia : Part IV (1930), pp. 39-49, pi. 7, price 

14 As. ; by L, K. Cox, M.A., F.G.B. The Lower Cretaceous x\mriionoidea ; with Notes 
on x\ibian (Vphaiopocla from hCa^ara : Part V (1930), pp. 31 00, pis. 8-9, price I Re. 0 
As.; by L. F. ripath, D.Sc., b'.G.lS, The PaLoooeno Foraminifora ; Part V^i(l930), pp. 
07 -79, pi. 10, price 14 As. ; by Lt.-Col. L. M. Davies, R.A., F.G.S. The IjiDwer Kooono 
Corals : Part VJl (1930), pp. 81-128, pis. 11-10, price 3 Rs. 14 As. ; by J. W. Gregory, 
l^L.D., D.8e., F.U.B. The Moliusca cf theHangu Shales: Part VHX (1930), pp. 129- 
222, pJs. 17-22, price 4 Rs. 14 As. ; by L. R Cox, M.A., F.G.d. 

Upper Carboniferous Fossils from Tibet : Vol. XVI (1930), pp. 37, pla 1, by F. U. C. Rood. Prkc 
3 its. 6 As. 

Now Fossils from the Productus Jamesiones of the Salt Range, with notes on other sxiccios : 

Vol. XVll (1931), pp. 50, pis. 8, by F. R. O. Roed. Price 5 Rs. 6 As. 

The Fossil Carnivora of India: Vol. XVIll (1932), pp. 232, pis. 10, by Dr. G. E. Pilgrim. 
Price 13 Rs. 12 As. 

UpperCarbouiferous Fossils fn>m Afghanistan : Vol. XIX (1931), x>p. 39, pis. 4, by K. R. 0. Reed. 
Prioe 3 Rs. 10 As. 

New Fossils from the Agglomeralic »SJate of Kashmii : Vol. XX, Memoir No. 1 (1932), 
pp. 79, Ills. 13, by F, R. C. Reed. Ihice 8 Ri„ 4 As. 

Uomoxyion rajutahaleiisc, gen. ct sp. nov., a Fossil Angiospermous Wood, devoid oC vessels, 
from the Xiajmahal Bills, Boliar; Vol. XX, Memoir No. 2 (1932), pji. 19, pis. 2, by J'rof. 
B. iSahni. Price 1 Re. 12 As. . 

A petiihed WUliamsonia ( W, sewaidiana, sp. uoy.) from thcRajmabal iliUs, India : Vol. XX, 
Memoir No. 3 (1032), pp. 19, pis. 3, by Prof. B. Bahni. Price 2 Rs. 2 As. 

The Jurassic and Cretaceous Ammonites and Belemnitcs of the Attook District, Vol. XX, 
Memoir No. 4 (li»34), pp. 39, pis. 6, by L. F, »Spath. Price 4 Rs. 

T.ie Triassic, Jurassic and Cretaceous Gastropoda and I/timeUi-briuichia of the Aitock District : 

Vol. XX, Memoir No. 5 (in the Press), by L. R. Cox. 

The Cretaceous iSaurischia :ind OmitbiSchia bl the Central Provinces of India : V\)l. XXI, Memoir 
No. 1 (1933), pp. 74, pis. 24, by Prof. Friedrich Baron von lluene and C. A. Matley. Price 
ISRs, 8A3. 

Cambrian and Ordovician Fossils froih Kashmir : Vol XXI, Memoir No. 2 (in lAs presn), by 

F. R. C, Reed. . 

ISobihoidea of the Peniaii Golf : Vol. XXII9 Memoir No. 1 (1933)# pp. 35, pis. 3, by E. L. G* 
Clegg* Price 2 Be. 8 As. 

Index to the Genera and Bpeoiee described in the Pelasontoiagia Indies, up to the year ISOi, 
Price l^rapee. 



RKORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

VoL. I, 186B. 

Pofi 1 (out of Annual report for 18C7. Coal-seams of Tawa valley. Coal in Garruw 

Copper in Bnndalkhund. Meteorites. 

Part 2 (out of ).•— Coal-seams of neighbourhood of Chanda. Goal near Nagpur. Geological 

notes on Surat colleotorate. Cephalopodous fauna of South Indian cretaceous deposits. 
I.ead in Raipur district. Coal in Rastern Hemisphere. Meteorites. 

Pari 3 (out of print), — Gostropodous fauna of South Indian cretaceous deposits. Notes on 
route from Poona to Nagpur vid Ahmednuggur, Jalna, Loonar, Yotmahal, Mangaii and 
llingunghat. Agat^-flake in pliocene (?) deposits of Upper Godavery. Boundary of 
l^indhyan series in Eajputana. Meteorites. 

VoL. II, 1869. 

Part 1 (oiii of print), — ^Valley of Pooriia rirer, West Berar. KuddapaU and Kumool formations. 
Geological sketch of Shillong plateau. Gold in Singhbhum, etc. Weils at Haasareebagh. 
Meteorites. 

Part 2 (out of print). — Annual report for 1868. Fangshura tecta and other species of Chelonia 
from newer tertiary deposits of Nerbudda valley. Metamorphic rooks of Bengal. 

Part 3 (out of pri^U), — Geology of Kutch, Western Indio. Geology and physical geography of 
Nicobar Islands. 

Part 4 (out of ptint). — Beds containing silicidcd wood in Eastern Prome, British Burma. 
Mineralogical statistics ot Kumaon division. (k)al- field near Chanda. Lead in Raipur 
district. Meteorites. 

VoL. Ill, 1870. 

Part 1 (out of print). — Annual report for 1860. Geology of neighbourhood of Madras. Alluvial 
deposits of Irrawadi, contracted with those of Ganges. 

Part 2 (out of print). — Geology of Gwalior and vicinityi Slates at Chiteli, Kumaon. Lead 
vein near Chioholi, Raipur district. Wardha river coai- fields, Berar and Central Provinces. 
CW at Karba in Bilaspur district. 

Pari 3 (out of print). — Mohpani coal-field. Lead-ore at Blimanabad, Jabalpur distriot. Coal, 
east of Chhattisgarh between Bilaspur and Ranch). Petroleum in Burma. Petroleum 
locality of Sudkal, near Futti j ung, west of Rawalpind i . Argentiferous galena and copper in 
Manbhum. Assays of iron ores. 

Pari 4 (out of ptint), — Geology of Mount Tilla, Punjab. Copper deposits of Dalbhum and Singh- 
bbum : 1. — Copper mines of Singhbhum : 2.— Copper of Dalbhum and Singhbhum. 
Meteorites. 

VoL. IV, 1871. 

Part 1 (out of print). — Annual report for 1870. Alleged discovery of coal near Gdoty, and of 
indications of coal m Cuddapah district. Mineral statistics of Kumaon division. 

Part 2 (out of prtn/).— --Axial group in Western Prom e. Geological structure of Southern Konkan. 
Supposed occurrence of native antimony in the Straits Settlements. Deposit in boilers 
of steam-engines at Roniganj. Plant-bearing sandstones of Godavari valley, on southern 
extensions of Kamthi group to neighbourhood of Ellure and Rajmandri, and on possible 
occurrence of coal in same direction. 

Fart 3 (out of print). — Borings for coal in Godavari valley near Dumaguden and Bhadrochalam. 
Narbada coal-basin. Geology of Central Provinces. Plant-bearing sandstones of Godavari 
valley. 

Part 4 (out of print), — ^Ammonite fauna of Kuteb. Raigur and Hengir (Gaiigpur) Coal-field. 
Sandstones in neighbourhood of first barrier on Godavari, and in countiy between Godavari 
and Ellore. 

VoL. V. 1872. 

Part 1 (out of 'f^int). — ^Annual report for 1871. Relations of rooks near Murree (Mari). Punjab. 
Mineralogical notes on gneiss of South Mirzapur and adjoining country, Sandstones in 
neighbourhood of first barrier on Godavari, and in country between Godavari and Ellore. 

Part 2 (out of print), — Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, 
and some of Gulf Islands. Parts of Kummuromet and Hanar'conda districts in Nizam’s 
Dominions. Qoology.of Orissa. New coal-field in south-oi stem Hyderabad (Deccan) 
territoiy. 
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Pan 3 (otU of and Maasandim on oaat of Aiabia, Example of looai jointing. 

Axial group of Weatm Frome. Geoloi^ of Bombay Fitemdeney. 

Part 4 (out of Coarin nortbern region of ISatpara basin. Evidence afforded by raised 

oystw banks on ooasts of India, in estimating amount of elevation indioated thereby. 
Possible field of coal-measures in Godavari district, Madras Presidency. Lamota or intra- 
trappean formation of Central India. Potroieuni looalitios in Pegu. Supposed eozoonat 
limestone of Yellam Bile. 


VoL. Vh 

Pari i.--»Annual report for 1872. Geology of North-West Provinces. 

Part 2 (ottf of print ), — Bisrampur coal-field. Mineralogioal not« on gneiss of south Mirsapur 
and adjohunj^ country. 

Pari 3 (out of pfinf).^Ge]t in ossiferous deposits of Narbada valley (PHooene of Falconer) : on 
age of depositsi and on associated shells. Barakan {coal-measures) in Beddadanole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Salt-springs of 
Psgn. 

Pari 4 (ctti of prinf).— Iron deposils of Chanda (Central Provinces). Barren Islands and Nar- 
kondam. Metalliferous resources of British Burma. 


VoL. Vn, 1874. 

Part 1 (mU of print ), — ^Annual report for 1873. Hill ranges between Indus valley in Ladak and 
Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Raw materialB for 
iron-smelting in Raniganj field. Elastic sandstone, or so-called Itaooluroyte. Geological 
notes on part of Northem Hazaribagh. 

Part 2 (oul of print ), — Geologioal notes on route traversed by Yarkand Embas^ from Shah-i- 
Di^ to Yarkand and Kashgar. Jade in Karakadi vall^, Turkistan. Notes from Eastern 
Himalaya. Petroleum in i&am. Coal in Garo Hills. Copper in Narbada valley. Potash- 
salt from jSast India. Geology of no^hbourhood of Mari nul station in Punjab. 

Part 3 (out of priaf).— Geolc^oal observations made on a visit to Chadderkul, Thian Shan range. 
Former extension of glaciers within Kangra district. Building and ornamental stones of 
India. Materials for iron manufacture in Raniganj ooal-field. Manganese-ore in Wardba 
coal-field. 

Part 4 (out o/ print).— Auriferous rooks of Bhambal hills, Bharwar district. Antiquity of human 
race in India. Coal recently discovered in the country of Luni Pathans, south-east comer 
of Afghanistan. Progreps of geologioal investigation in Godavari district, Madras Presi- 
dency. Subiidiaiy materials for artificial fueL 


VoL. Vin, 1876. 

Pari 1 (out of print).— -Annual report for 1874. The Altum-Artush considered from geologioal 
point of view. Evidences of* ground-ice * in tropical India, during Talchir period, ^mals 
of Raniganj fire-bricks. 

Part 2 (out of print).— Gold-fields of south-east Wyxiaad, Madras Presidency. Geological notes 
on Khareean hills in Upper Punjab. Water-bearing strata of Surat clistrict. Geology of 
Soindia*8 territories. 

Part 3 (out of print).— Bhahpur ooal-field, with notice of coal explorations in Narbada regions. 
Goal recently found near Mofiong, Khasia Hills. 

Part 4 (out of print ), — Geology of Nepal. Raigarh and Hingir coal-fields. 


VoL. IX, 1876. 

Part 1 (out of print).— Annual report for 1875. Geology of Sind. 

Paid 2 (out of print).— Retirement of Dr. Oldham. Age of some fossil fioras of India. Cradium 
of Stetson Ganesa, with notes on sub-genus aim allied fonns. Sub-Himalayan series in 
Jamu (Jammoo) HiUs. 

Pari 3 (out of print).— Fossil florasinlndia. Geologioal age of certain groups comprisedm 
Gondwana series of India, and on evidence they afford of distinct zoological and botanical 
terresi^l rei^ona in ancient epochs. Relations of f osailileroas strata at Maleii and Kota, 
near Sironoha, C. P. Fossil mammalian fauns of India and Burma. 

Part 4 (out of print).— Fossil floras in India. Osteology of Mery oopotamus dissimilis. Addenda 
and Corimenda to paper on tertiary mammalia. Plesiosaums in India. Geology of Fir 
Funjal aim neightmuring districts. 
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I. INTRODUCTION. 

T he metiiod of classification adopted in the dist Beview of Mineral 
Production published in these Records (Vol. EXXIi, 1906), 
although admittedly not entirely satisfactory, is still the best that 
can be devised \mder present' conditions. As the methods of col- 
lecting the returns become more precise, and the machinery employed 
for the purpose more efficient, the niunbec of minerals included in 
Class I— 'for which approximately trustworthy annual retunis are 
available — ^increases, and it is hoped that the minerals of Class 11-" 
for which regnlariy recurring and full particulars camiot be procured 
— will in time be reduced to a very small number. In the case of 
minerals still exploited chiefly by primitive Indian methods and 
thus forming the basis of an industry canied on by a large number 
of persons each working independently and on a very small scale, 
the collection of reliable statistics is impossible ; the total eiror 
from year to year, however, is characterised by some degree of 
constancy, and the figures obtained may be accepted as a fairly 
reh'able index to the 'general trend of the industry. In the case of 
gold, the small indigenous alluvial industry contributes such an 
insignificant portion to the total outturn that the error from this 
source may be regarded as negligible. 

The average value of the Indian rupee during the year 1933 was 
Is. ; the highest value reached was la. and the lowest 

Is. 6^. The values for 1933 shown in the tables are given on 
the basis of Is. to the rupee ; fox ease of calculation, £1 has been 
taken to be equivalent to Bs. 13*3 instead of Bs. 13*31. 

Table 1 shows the total value of minerals for which returns 
of production are available for the years 1932 and 1933. The 
average figure for the quinquennium, 191^23, was £25,194,128. 
In the following year, 1924, there was an apparent increase of over 
£3,600,000; this was, in part, however, due to the higher average 
value of the rupee during that year. Since 1924, thm has been 
a steady decline, wMoh persisted down to the ywc 1928, for which 
the ytdue was £21,888,628. Th^ was an arrest in this decline 
in 1929, which showed an increase in total value to £22,328,686 
or. about 2 per cent, over that of 1928. In 1930, however* the 
decline was resumed and the totid value of the production fell by 
over £2,600,000 to £19,760,233, this continuing in 1931, by over 
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TabIiE 1. — Total value of Minmils for vehieh relume of ‘ftrodnction 
are available for the years 1932 and 1933, 






■HI 

mmm 

Variatkm 

— 


1932. 

1033. 

Increase. 


per 






■1 

cent. 



£ 

£ 

£ 

£ 


Petroleum . 


3.818.875 

4,707,059 

880,084 

a • 

+23-3 

Coal . 


6,130,046 

4,600,467 

619,588 

—101 

Gold . • . 


1,906,123 

2,078,201 

172,078 

. . 

+94) 

Salt . 


808,764 

869,012 

, , 

30,742 

-4-4 

Lead and lead-ore (a) 


820,109 

861,820 

31,211 

, , 

H-3*8 

Building ntaterialH 


086,811 

800.012 

113,201 

, , 


Tjn-oro 


339,007 

533,082 

103.986 

, , 


•Silver. 


471,657 

497,213 


, , 

■hSI 

Copper-ore and matte 


338,166 

392,261 


, . 


Mica (A) 


261,800 

307,671 

56,871 

, , 

^-22•l 

Zinc concentrates 


113,481 

231,800 

118,319 

. , 

+ 104*2 

Iron-ore 


294,720 

187,813 

, , 

106,007 

—36*2 

Manganese -oio (c) 


140,022 

128,171 

, , 

16,851 

—12-0 

Saltpetre (6) . « 


02,272 

117,136 

24,864 

, . 

-h26*9 

Tung8ten*oro 


62,921 

81,661 

28,090 

, , 

+64*0 

Nickel-spoiss 


77,269 

77,333 

64 

, , 

• i 0»09 

llntenite 


68,134 

43384 

, , 

14,7.70 

.2.5*4 

Antimonial ioa<l . 


6.627 

17,907 

11,370 

, , 

+ 171*6 

Chromite . 


20,727 

16,785 

3,042 

—10*0 

Clays 


19,461 

16,382 

, , 

3,069 

—15-7 

Steatite 


9,736 

18,757 

4,021 

, , 

+ 41*3 

Jadelte (b) . 


28,369 

13,513 

, ^ 

14,846 

—■ »*)8*3 

Refractory meteiials 


10,103 

8,037 

, , 

2,066 

—20-4 

Ma^esite • 

Ruby, sapphire a 


5,470 

7,344 

1,874 

, , 

4 34*3 

nd 

. . 

6,061 

6,961 

• * 


spinel. 

Fufiet’s earth 


3,405 

6,846 

2,440 


+71*7 

Mopavite • 


6,147 

(d) 

, , 

. . 

• . 

Gypsum 


6,491 

4,975 

• • 

1.616 

—23-4 

Diamonds . 


6,428 

4,769 

e e 

630 

—11-7 

Oobm 

• 

2,489 

4,678 

2,089 

• ■ 

+83*9 

Barytes 

s 

2,209 

3,122 

913 

• e 

+41*4 

Zircon 

e 

3,606 

3,118 


787 

— 20'7 

Beryl 

• 

397 

646 

149 

* , 

+37.6 

Felspar • 


330 

442 

112 


+34*0 

Bauxite 


666 

237 


410 

— 63'9 

Garnet . » 

Amber 


28 

146 

232 

113 

194 

• a 

« • 

33 

+088.O 
— 88-6 

Apatite 

Bismuth 


81 

28 

• e 

63 

-.65.4 


4 

12 

8 

• • 

+200.0 

Total 


I5,«l 2,235 

I6,6I8,869 

1,737,189 

725,208 

6*4 









I 141 1.981 



(a) Exclii^eB anttmonlal lead. (f>) Export values. (e) Export f.o.b. valaes. 
(d) Reliable figures not leoeived. 
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£2,000,000 to £17,739,994, and again in 1932 over £2,000,000 
to £16,612,235. In 1933, however, the tide has turned and the 
total value of the output increased by more than £1,000,000 to 
£I6„618,069. Of each of the fourteen minerals with a value of 
over £100,000 annually, increases are shown by sine concentrates 
(104-2 per cent.), tin-ore (67-2 per cent.), saltpetre (26-9 per cent.), 
petroleum (23-3 per cent.), mica (22*1 per cent.), building naaterials 
(16-5 per cent.), copper-ore and matte (16*1 per cent.), gold (9-0 per 
cent.), silver (5-4 per cent.), and l<)ad and lead-ore (3-8 per cent.), whilst 
decreases are shown by iron-ore (36*2 per cent.), manganese-ore 
(12*0 per cent.), coal (10*1 per cent.), and salt (4-4 per cent.). For 
the first time petroleum heads the list of values as the most im- 
portant mineral. Otherwise the most important changes are the 
further decreases in the value of the output of coal and manganese- 
ore, India’s two most distressed mineral industries. Amongst less 
important minerals the largest increases in value are shown by 
tungsten-ore and antimonial lead, steatite, ochres and magnesite, whilst 
the most important decreases are shown by jadeite, ilmenite, 
chromite, refractory materials and clays. 

An increase orr decrease in value does not always correspond to 
a similar variation in output, and cannot, therefore, be regarded as 
an infallible indication of the state of an industry. But in 1933, 
in all cases, with nine exceptions, an increase or decrease of value 
accompanied an increase or decrease of the quantify of production. 
The exceptions were diamonds, 'manganese-ore, salt, clays refractory 
materials and zircon, in which increases -in output were accompanied 
by decreases in total value ; and petroleum, nickel-speiss and amber, 
in which decreases in quantity were accompanied by increases in 
value, the disparity in the case of petroleum being especially marked, 
for a small decrease in quantity was accompanied by a large increase 
in value. 

It is interesting to compare the changes in the figures of total 
value recorded in Table 1 with the variations in the average annual 
value of the leading metals and ores as summarised in Table 2. 
In 1931 all the metals and ores given in this table showed a fall 
in price except gold, in the price of which there was a substantial 
rise. 'In 1932 there was a very large rise in the price of gold, and 
m addition a partial recovery in the price of spelter, tin and silver. 
In 1933 there were small falls in the price of lead and chromite; 
the prices of steri rails, fetro-man^anese find man^janese-ore were 
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Btationaiy ; whilst the prices of other metals and ores rose, the largrat 
rise being that of tin. 

The number of mineral concessions granted during the year 
imder review amounted to 406 against 327 in the preceding year. 
Of these 24 were quarry leases, 325 were prospecting licenses, and 
57 were mining leases. This small total compared with the figure 
(714 mineral concessions) for 1927 is an index of the decreased pros- 
pecting and private geological enterprise that accompanies a period 
of depression. In the same way the increase in 1933 compared with 
1932 should be an index of the turn of the tide. 


Tablb 2. — Average “prices in the United Kingdom of Principal MeUds 
and Ores during the years 1932 and 1933. 



1932. 

£ per ion. 

1033. 

£ per ton. 

Metals— 



Copper, staiulauxl 

31-73 

32-39 

fsoad, pig, Boft foreign 


11-80 

iSpoltor, ordinary 

Tin, standard 


15-74 


194-59 

J^ig-iron, Cleveland No. 3 • . . • . 

2-32 

3-o:i 

Steel rails • 

8-37 

8-37 

, Ferro-manganoso ...... 

11-25 

11-25 

Golfl, line, per oiiuco 

118-037 sb. 

124-802 sh. 

Silver, standard, per ounco 

17-8.74 d. 

18-148 d. 

Ores — 



Chroiuite, 48-57 per cent., per ton 

£4-698 

£4-625 

Manganese-ore, first grade, per unit 

9-5(1. 

0-5 d. 

Wolfram, per unit ...... 

12-31 di. 

15-42 8h. 


In Fart 4 of Volume LXYI of these Records is a paper giving 
tables of production, imports, exports, and consumption of minerals 
and metals in India for 1913, 1917, 1920, and 1926 to 1931. 

These data are given in considerable detail and similar . data 
could not eas%’ be obtained in full in time for incorporation in 
successive annual reviews of mineral production without causing 
undue dday. It is possible, however, to bring up to date Table V 
of that review showing the quantities of ores, metals and other 
mineral products available for consumption in India. These data 
for 1933 are summarised . in Table 3 of this present Beview. 






Table 3. — Consmnftion, 1933. 
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(a) 189»567 owts. exported fdys 9,000 cwts. ooBsumed in tea gardens in India, 
(ift) Indadea 4»283 tons of l^ranite. 

(c) Knoim to be exported in part» but export figures are not available. 

(d) Exeludes production in Aden. 

(e) Known to be exported, but export figures are not available. 
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II. -MINERALS OP OROUP I. 

Antimony. 

The production of antimonial lead obtained as a bye-product 
in the lead lefineiy at the Namtu smelter of the Burma Corporation 
Limited, increased from 642 tons valued at Bs. 88,140 (£6,627) 
in 1932 to 1,485 tons valued at Bs. 2,39,363 (£17,997) in 1933. 
This product contains approximately 74 per cent, of lead, 24 per 
cent of antimony, and 4*5 ozs. of sUver to the ton, and is exported 
for further treatenent. 

There has been no production of antimony-ore in the Amherst 
district, Burma, since 1930, when the output amounted to 3 tons 
valued at^Bs. 60 (£4). 


Chromite. 

There was a further decrease in the production of chromite in 
India from 17,865 tons in 1932 to 15,526 tons in 1933. This de- 
crease is the balance of a small- revival in the output of Baluchistan, 
and a considerable demease in the output of Mysore. The large 
increase recorded in the previous year in the output of Singhbhum 
was nearly maintained in the year under review. The total ex- 
ports from India during the year were substantially below those of 
the previous year, but were nearly 2,000 tons in excess of the pro- 
duction, amounting to 17,232 tons, made up of 13,410 tons from 
British India and 3,822 tons from Mormugao in Portuguese India, 
as compared with 20,640 tons and 4,998 tons reqtectively in the 
• previous' year. The decrease in production was accompanied by a 
fall in the vdue per ton from Bs. 15*4 in 1932 to Bs. 14*4 in 
1933. 

Of recent years over 40 per cent, of the world’s supply of chro- 
mite has been derived from Southern Bhodesia. But the great hiU 
in demand from 1931 onwards has aiected Bhodesia so setiousty 
that in 1932 the Bhodesian production was less than that of 
India. 
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TABitK 4 , — Quantity and wdue of Chromite produced in India during 
the years 1932 and 1983. 


• 

1932s 

1933. 


Quantiiy, 

Valin (£1=:° 

.B«. 18-8). 

Quantity. 

Value (£la 

Bs. 18*3). 


Tons. 

Bs. 

£ 

Tons. 

Rs. 

£ 

BcUuchistan — 
2hob . 

Bihar and 

2U8 

3,420 

257 

2,702 ' 

40,630 

3,047 

Orissa — 
iSinghbhuin . 

7,038 

1,08,972 

8,193 

7,008 

1,01,004 

7,662 

Mysore Staic^ 







Hassan 

2,8 J 2 

18,421 

1,385 

3,479 

2,277 

40,427 

3,040 

Mysore 

7,187 

1,44,802 

10,802 

40,384 

3,036 

Total 

17,865 

2,75,€7S 

20,727 

15,526 

2.2^,245 

16,785 


Coal. 


Although there was a continuance during 1933 of the decrease 
in production of coal from the peak production of 23,803,048 tons 
in 1930, yet the decrease was only 364,224 tons or about 1*8 per 
cent., as contrasted with decreases of 8'8 per cent, and 7*2 per cent, 
in 1931 and 1932 respectively. This . decrease was duo mainly to 
Biliar and Orissa and Bengal with smaller falls in Hyderabad, 
Baluchistan, Assam, and Bajputana, partially balanced by a very 
large increase in the production of the Central Provinces, with 
smaller increases in the Punjab and Central India. The substan- 
tial decrease in Bengal and Bihar and Orissa in 1933 is in continua- 
tion of the heavy decreases of 1931 and 1932. In 1932 this fall 
was shared by all the fields except Talcher, which showed a substan- 
tial increase of 111,274 tons. During 1933, however, five fields 
showed increases of which Talcher was responsible for 62,953 tons 
and Giridih for 52,681 tons, the increases for Jainti, the Rajmahal 
HiHw and Bampur being trivial. The decrease was shared by the 
remaining four fields as follows Jharia, 536,334 tons ; Baniganj, 
153,304 tons ; Karaupura, 65,690 tons, and Bokaro, 44,109 tons. 
In Central India there was, in contrast to the continuous decreases 
of the last 4 years, an increase in the output from Umaiia of 6,085 
t(ms ; in addition, there was an increase of 0,195 tons from the 
Bohagpux field. In the Central Provinces there was another large 
faftiiMuiA amounting to 146,362 tons in the output from the Pen^ 
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Valley, whilst the output from Korea State, which showed au 
initial production of 3,617 tons in 1930, rising to 31,361 tons in 
1931, 113,868 tons in 1932, amounted to 264,267 tons in 1933, 
1 ‘epi'esenting the very large increase of 160,399 tons. In addition, 
Ballarpur showed an increase of 38,923 tons. In Hyderabad 
State, whilst the Singareni field was responsible for a decrease of 
some 74,000 tons, and Sasti for a decrease of over 11,000 tons, 
the Tandur coalheld showetl an increase from the initial output of 
126,471 tons from 1932 to 184,166 tons in 1933. 

A featm'e of the last 10 years has been the very large expansion 
of the output from the Central Provinces from 679,081 tons in 1924 
to 1,500,911 tons in 1933. This has undoubtedly accentuated the 
lull in output of Bihar and Orissa from 14,106,629 tons in 1924 to 
11,257,984 tons in 1933. 

In 1929 the statistical position at the end of tlic year showed 
a very great improvement in spite of the increase in the total out- 
put, stocks in the si.x provinces of Assam, Baluchistan, Bengal, 
Bihar and Orissa, the Central Provinces and the Punjab, for whicli 
such figures are available, .«thowing a total nxluction of 781,477 

tons. In 1930 tlie smaller increa.se in production was not accom- 

panied by another improvement in the statistical position, but by 
a slight worsenuig, namely an increase of stock amounting to 141,766 
tons, in 1931, in spite of a large fall in production of over 2,000,000 
tons, the position deteriorated still further with au iuereasc of 
stocks of 428,334 tons, and in 1932 this deterioration continued, .so 
that in spite of a decreased output of over 1| million tons stocks 

increased by 250,029 tons. During 1933 the position showed no 

substantial change, but the slight reduction of stocks may be symp- 
tomatic of a tendency towards a better adjustment of production 
to demand. The data am given in the following tabic : — 


Year. 

O^nijig 

stouk. 

Closing 

stock. 

lleduotioa 
during year. 

1927 

Tons. 

2,161,800 

Tons. ■ 
1,721,288 


1028 ••••«• 

1,721,288 

1,026,717 


1920 

1,625,717 

844,240 

m,477 
(a) 141,766 

1930 •»•••• 

844,240 

080,000 

1031 

086,006 

1,414,340 

(a) 428,334 

1932 

1,414,340 

1,664,008 

(a) 250,629 

1033 ••••** 

1,664,960 

1,646,248 

18,721 


(tf) laoiease of stooks. 









262 


IteoordB of ^ Geoiogiced Swvey of India. [Yol. LXVllt. 

The decreased output of 1*8 per cent, in 1933 was accompanied 
by a decrease of 10«1 per cent, in the total value of the coal produced 
in India from Bs. 6,80,96,604 (£5.120,045) in 1932 to Bs. 6,11,86,083 
(£4,600,457) in 1933. 

There was a further decrease of Be. 0'4-7 in the pit’s mouth 
value per ton of coal for India as a whole, namely from Bs. 3-6-1 
to Bs. 3-1-6, a further very serious fall at this low level of prices. 
With one exception a fall was recorded in every province. In 
the two great coal provinces, Bihar and Orissa and Bengal, the value 
fell by Be. 0-3-10 and Be. 0-6-3 respectively. In other provinces, 
the price fell in Assam by Be. 1-8-5 ; in Baluchistan by Be. 0-15-8 ; 
in the Punjab by Be. 0-8-5 ; in Hyderabad by Be. 0-8-1 ; in Cen- 
tral India % Be. 0-4-5, and in the Central Provinces by Be. 0-1-0. 
On the other hand the price rose in Bajputana by Be. 0-5-8. 


Table 5. — Provineidl production of Coal during the years 1932 and 

1933. 


ProYinoe. 

f 

1932. 

1933. 

Increase. 

Decrease. 



Tons 

Tons 

Tons 

Tons 

i\sSftT](l • • • 

• 

210,036 

m,i64 

• • 

16,881 

Baluchistan . 

a 

18,928 

11,462 

• • 

7,466 

Bengal 

9 

6,782,603 

6,691,189 

• • 

91,414 

Bihar and Orissa . 

• 

11,847,216 

11,267,984 

• • 

689,232 

Central India 

• 

240,488 

262,768 

12,280 

• • 

Central Provinces * 

• 

1,163,096 

1,600,911 

337,816 

• • 

Hyderabad . 

• 

781,121 

763,402 

• • 

27,719 

Punjab 

• 

72,867 

94,099 

21,242 

• • 

Bajputana • 

f 

37,043 

33,194 

• • 

3,849 

Total 

m 

29,181,337 

19,739,193 

371,387 

735,661 
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Table 6. — Vahte of Coal produced in India during the years 1932 

and 1933. 


— 

1032. 

1033. 

Value (£1 « 

Us. 13*3). 

Value 

per 

ion. 

Value (£1 « 

Be. 13-3). 

Value 

per 

ton. 


Ra. 

£ 

M| 

Ks. 

£ 

Bs. A. P. 

Assam .... 

22.70,030 

170,680 


18,02,042 

135,402 

0 4 6 

Balucbistan . 

1,40, .385 

11,232 


70,230 

5,058 

6 14 7 

Bengal .... 

1,88,07,330 

1,414,085 


1,62,67,325 

1,223,107 

2 13 0 

Bihar and Orissa . 

3.76,23,891 

2,843,901 

3 3 1 

3,32,42,520 

2,400,437 

2 16 3 

Central India 

10,06,044 

75,710 

4 3 0 

0,88,182 

74,200 

8 U 7 

Central Provinces . 

44,41,800 

333,977 

3 13 1 

56,40,432 

424,003 

3 12 1 

Hyderabad (a) 

30,63,405 

230,338 

3 14 0 

25,74,111 

193,542 

3 6 8 

Punjab .... 

8,83,155 

28,800 

5 4 2 

4,45,620 

33,506 

4 11 0 

Rajputana . . 

1,50,469 

11,813 

4 10 

1,46,003 

11,023 

4 6 8 

Total 

6.80.96,604 

6.120.046 

•• 

6,11.86.083 

4,600,467 

•• 

Averaoe 

•• 

•• 

3 0 1 

•• 

-• 

3 2 6 


(a) EBtimatod. 


Table 7. — Origin of Indian Coed raised during the years 1932 and 

1933. 


— 

Average 
of last 
five years. 

1932. 

1 

1933. 




Tons 

Tons 

Tons 

Gondwana coalfields 

• • 

• 

21,928,734 

19,814,524 

19,466,264 

Tertiary coalfields • 

* • 

• 

398,162 

338,863 

332,909 


Total 

• 

22.326,896 

26,153,387 

19,759,163 
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Table 8. — Output of Qondmma Goalfelds during the years 1932 and 1933. 


’ 

1082. 

1933. 

Tons. 

Per oentif 
of Indian 
total. 

Tons. 

For oent. 
of Indian 
total. 

Bengal^ Bihar and Orissa — 





Bokaro .... 

1,348.973 

6-69 

1,304,864 

6*60 

Ojfidih .... 

683.243 

2-00 

635,924 

3*21 

Jainti .... 

48.168 

0*21 

43,630 

0*22 

Jharia .... 

8.651,283 

42*43 

8,014,949 

40*50 

Karanpura 


2*03 

343,876 

1*74 

Hajmahal Hilla 


0*01 

1,752 

0*01 

J{ampur(Itaij£arh-.Hin£dr) . 

19,498 

0-10 

22,036 

Oil 

Raniganj 

6,419.007 

31*85 

6,265,703 

31*66 

Talober 

268,686 

1*26 

316,539 

1*60 

Central India — 





Sohagpiir 

166,196 

0-S2 

172,390 

0*87 

Umarfa 

74,203 

0*37 

80,378 

0*41 

Centred Provinces — 





BaDarpur 

217,421 

1*08 

256,344 

1*29 

Korea .... 

118,858 

0*56 

264,257 

1*84 

Pencil Valley 

831,817 

4*13 

978,179 

4*94 

Kaigarh State 

. . 

. , 

2,131 

0*01 

JlyderaM — 





Sasti • • , • 

61,184 

0*30 

49,794 

0*25 

Singareni 

593,466 

2*95 

519,443 

2*63 

Tandur .... 

126,471 

0-63 

184,165 

0*93 

Total 

19,814,824 

m'32 

19,456,254 

98-32 


Table 9. — Output of Tertiary Goalftdis during the yearn 1932 and 1933. 



1932. 

1933. 

1, 


Per cent. 


Per sent. 


Tons. 

of Indian 

Tons. 

of Indian 



total 


total. 

Assam — 





Khasi and Jaintia Hills . 

1,288 


2.118 

1 

Makum 

170,399 

y 1*04 

164,412 

V 0-98 

Naga HUb . 

88,408 

j 

27,624 

J 

Balurhistan — 





Ki^ost .... 

6,297 

1 0-10 

4,870 

1 0-06 

Sor Range, Mach, Kalat . 
Punjab^ 

13,631 

7,086 



Jhelum .... 

32,527 

I 

41,062 


Ifianwall 

30,792 

y 0-30 

45,681 

> 0*47 

Shabpur 

Bajpntana— 

9,538 

37,043 

/ 

7,456 

J 

Bikaner 

0-18 

33,194 

0*17 

Total 


P68 

332,989 

P68 





























Part 3,1 


Frrmor : Mineral Prothtdion, 1933. 


236 


The development of an iron and ateel indu«try m India on modern 
lines has led to the ercetion of several plants for the manufacture of 
hard coke of metallurgical qualit)% and it ha.s therefore, become a 
matter of general interest to know the ])ro]>ortion of the total annual 
output of coal in India that is utilised in the manufacture of hard 
coke. 

The figures for 1932 and 1933 are. shown in 'liable. 10. 


Tablr 10.— Quantity of Hard Cole prodiieed in India in the years 

1932 and 1933. 


— 

1«32. 

1933. 

Coal used » 

Tons 

Tons 

1.(565,197 

Hard coKe nianufaotored 

1,214.52(5 

1,327.100 

Percentage rewiery 

74-24 

7PI4 

finuree of coal ueeH — 



Jharia field 

1,685,733 

1,517,483 

Qiridih field • - . . * • 

3?, 724 

27,246 

I’okrtro fluid I 

4.637 

• . 

llariiSAii) field 

12,878 

110,469 

ToTAr 

1.6:»,Q72 

1,65M07 

Qjal uned for coHvg Inj — 



Tlircc iron and steel eonipanuis , . , . 

1,322,969 

1,34.3,151 

Others 

313,003 

312,046 


In reversal of 1932, the export statistics for coal during 1933 
show a decrease amounting to about 93,300 tons {see Table 11). 
Exports to Ceylon showed a partial recovery, increasing from 190,237 
tons in 1932 to 229,040 tons in 1933, Ceylon thereby resuming her 
position as the leading importer of Indian coal. Exports to all other 
destinations decreased, the decreases being some 79,000 ‘ tons to 
Hongkong, 23,000 tons to the Fhilix)pine Islands and Guam, 5,000 
tons to the Straits Settlements, and 3,000 tons to the United King- 
dom. The export of coke decreased by 842 tons, 
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Table 11. — Exports to Foreign Ports of Indian Coed and Coke during 
the years 1932 and 1933, 




1032. 



1938. 



Quantity. 

Valn«(£l>-R!i. 13-8). 

Quantity. 

Value (21 «ll8.13-8). 

To— 

Tons 

Ka. 

& 

Tons 

lls. 

£ 

Ceylon 

190,287 

22,63,726 

170.206 

229,040 

26,78,284 

200,999 

Hongkong . 

218,638 

17,34.610 

130,422 

139,726 

9,10,935 

68.491 

PhillpplneH 

29,048 

2.63,326 

19,047 

6,242 

30,012 

2.933 

Straits Settldments 

13,068 

1,33,852 

10,027 

8,349 

69,580 

5,229 

United Kingdom 

32,699 

3.72,963 

28,041 

29,802 

8.13,232 

23.561 

Other countries . 

33.864 

3,79.943 

28,567 

11,815 

83,680 

6,292 

Totil 

617,629 

61,37,909 

386,309 

425,064 

40,89.682 

307,496 

Coke .... 

1,964 

38,955 

2,929 

1,112 

1 

20,780 

1,603 

Total of Coal and Coko 

619.488 

61,76,864 

m,288 

426,176 

41,10,471 

309,058 


The following table gives the amounts of dijSerent grades of coal 
exported during 1932 and 1933 under the Indian Coal Grading Board’s 
scheme (including sea-borne coal for railways in Southern India, 
for which no grade shipment certificates were issued by the Coal 
Grading Board) and shows a decrease of 319,904 tons in the present 
year, the difference between the total amounts so exported (1,889,181 
tons in 1933) and the total exports of Indian coal to foreign ports 
given in Table 11 (426,176 tons in 1933) being the amount of coal 
exported to Indian ports. 


Table 12. — Export of Coal under Grading Board Certifimtes during 
the years 1932 and 1933. 


— 

1932. 

1933. 

Selected grade 

Qiade 1 

Grade 11 

Mixed grade 

Total 

Tom 

1,987,808 

211,534 

6,120 

3,623 

Tons 

1,706,421 

175,417 

696 

6,747 

2,209, OM 

1,089,101 
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In reversal of tlie trend of the past few years imports of coal and 
coke showed dnring 1933 an increase, namely from 47,544 
tons in 1932 to 07,330 in 1933; 21,121 tons of the latter consisted 
of coke {see Table 13). This rise is due mainly to an increa.so. of 
some 17,000 tons from South Africa, and of 7,000 tons of coke, 
offset by a decrease of 9,000 tons of coal from tlie United Kingdom. 
The total imports are now about a seventh of those of the pre-war 
quinquennium and Table 1 1 comparing pre-war imports .and 
exports with tlu' figures from 1926 to 1933, shows that the depres- 
sion in the Indian coal industry, w'hich was accentuated in 1933, 
cannot bo ascribe(l to the competitive effect of foreign imported coal. 
The average surplus of exports over imports during the years 1926 
to 1933 was, in fact, greater than the surplus during the pre-war 
quinquennium. 

The tnic cause of the depression in the Indian coal industry 
is over-development of coalfields with reforeuce to India’s rc<piirc- 
nusnts. Every new coalfield that Is opened up at present merely 
serves to afusentuate the deprtission. 


Table 13 . — Imports of Coal and Coke during tke years 1932 and 1933. 




iy32. 



1033. 



Quiititiiy. 

Value (tl 

«Ils. 13-3). 

Quantity. 

Value (LI 

-Us. 13*3). 

From — 

Tons 

liB. 

£ 

Tons 

Us. 

£. 

AMsiralifi . 

4,070 

03,760 

7,050 

4,248 

82,622 


Unlivd KifiKdoni 

18,505 

4,05,487 

30,488 

0,924 

2,18,074 

16,464 

Uniun ot South Africa . 

8,020 

1,20,350 

0,040 

26,(>14 

3,92,000 

29,548 

Other countries . , I 

2,437 

40,402 j 

3,044 

5,093 

83,943 

6,312 

Total 

33,632 

6,60,080 

1 40,631 

46,209 

1 V,78,620 

68,636 

fk)kc .... 

13.012 

1 

3,46,275 

26,036 

21,121 

4,74,468 

85,674 

total of coal a vd ookib 

47.844 

10,06,364 

73,667 

67,830 

J2,5S,m 

94^10 


a 
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Tablb 14.— Excess of exports over imports of Coal. 


— 

Exports. 

Imports. 

ExCCftB of 
exports over 
imports. 

Avorago for 1909-13 

Tons 

814,475 

Tons 

466,162 

Tons 

318,313 

1926 

617.56:1 

193,908 

42:1,655 

1927 

576.167 

24.3,603 

.332,564 

1928 

626.343 

210,180 

416,1.57 

1929 

726,610 

218,560 

508,050 

1930 

461,188 

217,029 

244,159 

1931 

441,249 

88,0:15 

353,214 

1932 

519,48.3 

47,544 

471,9:{9 

1933 

426,170 

67,3.30 

358,840 


The average nuDiher of persona employed in the coalfields during 
the year showed a somewliat smaller decrc'uso (1*4 per cent.) than 
the decrease in proihiction (1*8 per cent,). The average outpirt per 
person employed, therefore, showed a trivial decrease to ]21'?» 
tons in eonWast with th<i advances up to 1030, wliich have been 
110*5 tons for 1025, rising to 11 3*1 tons for 1020, 122*3 tons for 1027, 
125*5 tons for 1928, 130*4 tons for 1929, and 129*1 Ions for 193(>, 
with decreases to 120*4 tons in 1931 and to 121*7 tons in 1932. 
Except for the last six years, however, the figure for the year under 
review is still higher than those previously recorded ; these higher 
figures are due, partly to an increased use of rocchanical coal-cutters, 
and partly to concentration of w'ork. During the past fcAv years a 
large number of collieries have been shut ilown and the labour 
absorbed in the remainder : this concentration permits of a pro- 
portional reduction of the supervising staff, resulting in a larger 
tonnage per head. Tliere was a decrease in the number of deaths 
by accident from 164 in 1932 to 132 ; these figures aro much better 
than the annual average for the quinqueimiura 1919-1923, which 
was 274, and also below the annual average for the quinquennium 
1924-1928, which was 218. The death rate was 0*81 per thousand 
persons employed in 1933, markedly less than the figure for the 
previous year (1*0) ; the average figure for the period 1919-1923 
was 1*36, and for the period 1924-1928 was 1*16, 
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Table 15.- Average mmdjer of persons employed daily in the Indian 
Coalfields during the years 1932 and 1933. 


— 

1932. 

1933. 

Output 

per 

persons 
employed 
in tori'?. 

Niinibor 

of 

deaths 

ty 

accident. 

Death 

rate 

per 1,000 
Xiorsons 
employf'd. 

^ssam 


2,275 

1,978 


G 

30 

Bibliiohistiin 


204 

275 


, , 

, , 



43,423 

4.3,051 


27 

0-0 

Hihar and On's.’^a. 


95.082 

88,571 


72 

0-8 

(Vntral India . 


2.108 

2,133 

JI8'5 

2 

0-9 

Ointrnl Provinces 


10.221 

13,890 

1080 

17 

1-2 

.Tl ydft ra?)ad 


10,753 

11,040 

68-2 

0 

0-5 

Vniijab . 

, 

1,315 

1.5)0 

62*1 

2 

1-3 


• 

120 

113 

293-7 

•• 


Total 

• 

165.567 

163,173 

•• 

132 

•• 

Aveii.agm 

• 


•• 

J2h3 

•• 

0 81 


Cobalt {see Nickel). 

Copper. 

TIkj |)ro; 5 ri*.sK of work at tlio Mor.al)onl Mincj of the Indian ('opjM'r 
(.Virpfjiaiion, J^td., in the- Siu"hl)lmin distrir.t, and on tins millin}' 
and smelting plant at Mauhliandar, nrar GluitsUa, Bonj^al Magpur 
Hail .'.ay, hast bt-en noticed in p\c\ious reviews. OpoTations com- 
menced on a rcvciuio basis on January 1st, 1929. During that year 
the ore produced araoimtcd lo 76;Pol long tons valued at 
Hs. U,. 58, 71(1 (£108,862). Of this 75,171 short tons were treated 
in the mill and smelter, with the production of 1,035 long tons of 
refined copi)or ingots and slabs. The copper was sold entirely in 
India at an average price of Rs. 1,200 per long ton. In 1930 the out- 
put increased to 123,749 long tons of copper-ore valued at 
Rs. 21,35,571 (£180,413). Of this 131,162 short tons were treated 
in the mill and smelter and 1,625 short tons stmt direct to the smelter 
with the production of 2,974 long tons of refined “copper, of which 
2,157 tons were sold in the Indian market and 510 tons were con- 
sumed in the now rolling mill, w'hich was completed in July 1930, 
with the production of 712 tons of yellow metal (bra.ss) sheet, which 
found a ready market in Calcutta, 

c3 
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Since then in spite of falling prices the production of both mine 
and smelter has continued to expand. Tn addition during 1933 
there was an initial production of ore from Dhobani where a lode 
parallel to that at Mosaljoui is being opened iip. Daring 1933 
the mine output increased to 201 ,.'>15 long tons of copper-ore from 
Mosaboni and 207 long tons from Dhobani, making a total of 201,722 
long tons, valued at Rs. 22,12.906 (£166,388). against 175.010 long 
tons of copper ore in 1932 valued at Rs. 25.09,080 (£188,652). 
203,736 short tons of ore were treated in the mill and tlie production 
of refined co])pcr amounted to 4,800 long tons against 4.443 tons 
in the previous year. 3,771 tons were constimed in the rolling mill 
and 1,317 tons were sold in the Indian market at an average price 
of Rs. 599 per ton. Operations in the rolling mill resulted in the 
production of 6,143 long tons of yellow metal, the whole of w'hich 
was sold in India at an average price of Rs. 63] per ton. 

The total ore reserves at the tdose of the year 1933 amounted to 
680,402 short tons with an average as.say value of 3-96 per cent, of 
copper. 

In reversal of the trend of the past two years there was an in- 
crease in the production of copper-matte at the Namtn smelting 
plant of the Burma Corporation, Limited, from 9,729 tons valued 
at Rs. 19,81,499 (£148,985) in 1932 to 12,650 kms valued at 
Rs. JIO, 03,983 (£225,863), and averaging 43-55 per cent, of copper, 
24-30 per cent, of lead, and 86-76 ozs. of silver to the ton. 

In 1932 365 tons of copper-ore valued at Rs. 0,900 (£619) were 
produced in the Nellore district, Maflras. There was no recorded 
production in 1933. 

Diamonds. 

The production of diamonds in Central India rose from 1,264-1 
carats valued at Rs. 72,189 (£6,428) in 1932, to 2,342 carats valued 
at Rs. 63,696 (£4,789) in 1933. Of this latter production 2,271 carats 
were produced in Panna State and the remainder in CLarkhari, 
Ajaigarh, and Bijawar. 


Gold. 

In 1931 the gradual secular decline in the total Indian gold pro- 
duction was temporarily arrested with an output of 330,488-8 ozs. 
valued at Rs. 2,08,01,943 (£1,540,885), followed by a trivial 
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fall again in 1932, when the output was 329,681*7 oks. valued at 
Rs. 2,53,61,438 (£1,906,123). In 1933 there was an increase to 
336,108*3 ozs. valued at Rs. 2,76,40,071 (£2,078,201). This is a 
residt of the stimulus of the high price of gold, the value of the 1933 
output being the higliest in terms of sterling since 1920. It is interest- 
ing to note that the output of 1921 which was valued at £2,050,575 
a figure very close to that of the 1933 production, was 432,722*6 ozs. 

There was again a small production from Singhbhura and also 
a small output from Manbhum ; and as in the previous year small 
outputs from Burma, the Punjab and the United Provinces. But 
these figures are, of course, quite, insignificant compared with the 
output of Kolar which make.s up 99*9 per cent, of the Indian total. 
The considerable increase in the value, of the production in 1932 
was due 'to that being the fii-st full year since Britain and India 
abandoned the gold stamlard in Heptember, 1931, with consequent 
appreciation in price of gold, against .sterling or rupees. As a result 
of this appreciation in the price of gold, 9,766,122 oz.s. of gold reckoned 
in terms of line gold were exported during 1932. The value was 
Ks. 75,87.52,203 (£67,01 9.038), In 1933 the exports were 6,248,096 
ozs. valued at Ks. 51,25,48,810 (£.38,537,505). 

Of the live mines that wi're producing gold on the Kolar gold- 
field, the B.nlaghat Oold Mine, was, owing to unfavourable develop- 
ment ill depth, sold on the Jst May, 1932, to the Nundydroog Mines, 
Ltd., the latter company undertaking to mine and treat the ore 
reserves remaining in the Balaghat Mine. The Champion lleof 
and tlie Ooregum Mines, the two deepest on the field, reached verti- 
cal depths of 7,410 feet and 7,334 feet respectively below field datum 
on the 31st December, 1933, The development in depth has dis- 
closed the continuity of the reef, and a number of slioots of payable 
ore have been openotl iqi. At tliose depths the dip of the reef is 
almost vertical. The ore is not rt'fractory and yields its gold to 
blanket conceiitratioii and cyanuling ; ‘ all-slimiug ’ practice is be- 
coming general. The concentrates are pan or phiUi-umalgamatcd. 
The rock temperature at the 78th level Champion Kccf Mine ivas 
129*8“ F. Owing to the great depths of these mine.s and the conse- 
quent high temperatures, the. maintenauce of adequate ventilation 
at the working places continues to be an extremely dillicult problem. 
It has been partly solved by sinking deep smooth-lined vertical 
shafts, circular or eliptical, and by au extensive use of large electri- 
cally-driven fans m the coiurso of the main air currents. The sub- 
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sidiary shafts and winzes in the lower levels are all brick or concrete- 
lined and as such assist the free movement of air by reducing friction 
to a minimum. In spite of the more rigid forms of support, such as 
packs of masonry and concrete and sand fillitig, roclvbursts continue 
to occur causing considerable damage to person and proiwrty. 

The average number of persons employed on the Kolar (fold 
Field during 193.*) was 20,26.3. 


Tabie l^.—^navtily and vnhie of OoM* jn'oduerd in India daring iJie 

years 1932 and 1933. 



1932. 

J933. 

J..iliour 
in 1933. 


Quantity. 

Value (£1 = 

Bs. 1.^-3). 

Quunlfty. 

Vnhr C£i - 

Ks. 13-3). 



Ks. 

£. 

0*s. 

Kh. 

£. 


Mhar and 

OriMa— 








Maiibhitm 


•• 

•• 

42-0 

2,938 


10 

Singliblniin . 

&00 

3,G5U 

274 

22.5 0 

10,750 

1.259 

1 

58 

Bunna — 








Katha . 

ia-2 ■ 

950 

72 

31 0 

1 

1 125 

2 

IJppor Chlnd- 
wiu. 

2S-4 

2,049 

109 

21 0 

1,900 

147 

•• 


329,571-9 

2,53,43,413 

1,905,522 

335,773 9 

2,T0,1 ii,l 1 8 

2,07ii.3.52 

20.1*03 

Punjab . • 

C-6 

4S0 

30 

30-3 

825 

02 

41 

VnUfd Provinrea 

3-6 

206 

20 

61 

405 

31 

27 

TOTAFi 

329,6817 

jjggjjgQl 


836.108'3 

wm 

'2.07S:MU 

U0.40J 


* Fine onuces in the case of Mysore. 


Ilmeoitc. 

There was a largo decrease in the production of ilincnite in 
Travancore State from 50,052*6 tons valued at £58,134 in 1932, to 
4.3,384 tons vidued at £ 43,384 in 1933. This mineral occurs 
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in fclio rnonazitc aniwJs aiuJ, up to a few years ago, was looked upon 
as a by(’, -product oE tlio monuzitc industry. The monazite sands 
Jiave l»e<.‘n workcul co/iiinuously since 1911, but it was not until 1922 
that tlift cxj.ort oE ibnenitc^ eoinnicncod, since when, except for the 
doi feaso in J9:i3. the production oE tlie mineral has expanded almost 
c-ontinuously, so that in botli quantity and value the production 
o£ iliueuite is nosv iuu<;Ii more important than that of the associated 
jniji('ji..ls monazito uml zircoji. T’his steady increase in the output 
of ilinenite is ilu(5 to the domaiul for its contents of titanium dioxide 
in the inanuiactui'e- of liianiin)! paints. 


Iron. 

l'\)i\ some >'i.‘uvs uj) to aiul including 1929 the production of iron- 
ore in Imiia had ])et'u stea.dily increasing ; India is now, in fact, 
the sccomi largest ifioducer iu the British Empire, and yields place 
only to the Llnitctl Kingdom. Her outjnit is of course still com- 
])!et( ly dwarfed by the ]>vod action in the United States (over 31 
miliion tons iu 1931 and iw'july 10 million tons in 1932) and France 
(38 and 27 million Ions in 19.“d. and 1932 respectively); but her 
reserves of ove are not mueli lijss than throe-(piai.iers of the estimated 
toial in the Unilttd f-hjittw, find there is every hope that India will 
e\'<M!lu{dly tale, a much UKve. important jilace among the w'orld’s 
pvodru^ers of iroji-ore. In i93(», however, the lucvailing depression 
w'as reflee-ted in a ih'i.reaM! iu the Indian output over the previous 
yc'ar of 23*8 pei- cent, amounting to 578,930 tons, follow'cd by a 
furtlior fall ol 22-1, 712 Ion.? (12-1 per cent.) in 1931. In 1932 in spite 
of the- eoritinnance of the «iepivssioji there was a partial recovery 
in tl»e pro<liielion oE iron-ore in India of 135,018 tons (8*3 per cent.). 
In 1933, howo\'ev, thero was a iiirthcr decrease of 531,876 tons (30-2 
per c<-.nt.) ; but, us '.\ill be seen later, there were increases in the 
output of pig-iron ujid .steel. The figures shown agaiirst the Kcou- 
jhar and BJaynrbhaiij Slates in Tabic 17 represent the production 
by the United Steel Corporatioji of Asia, Ltd., and the Tata Iron 
and Steel <lo., Ltd., respectively. Of the total production of 016,940 
tons shown against Singhbhmn, 409,114 tons were produced by the 
Tata Iron and Steel Co., lAd., front their Noamundi mine, and 
147,832 tons by the Indian Iron and Steel Co., Ltd., from their 
mines at Gua. The output of iron-ore in Burma is by the Btixma 
Corporation, Limited, and is used as a flux in lead smelting. 
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Table 17. — QmntUy ard value of Iron-ore produced in India dming 

tiie years 1932 and 1933. 


— 

1082. 

1933. 

Quantity. 

Value (£!« 

«Tl8. 13‘3). 

Quantity. 

V.‘ilno(£l*-ll8. 13-3). 


Tona. 

Na. 

£ 

Tons. 


£ 

Bihar and Orinita — 







Kt'onjhar Siato 

180,173 

1,80,173 

13,008 

105,944 

1,95,943 

14,733 

Mayiii'bhoTij iSt-itr 

801,193 

21.33,961 

100.448 

341,502 

0,32,120 

47, .520 

Saiiibalpur 

7 

50 

4 

4 

30 

2 

Singlibhum 

000,874 

15,51,217 

110,033 

010,940 

13,83,773 

104,043 

Btirma — 







Northern Hhnn StAtep 

0,500 

(a) 20,240 i 

1,073 

30,29.3 

(«) 1,45, 172 

10,015 

dnitral rrminten , . * 

803 

2,400 

181 

777 

2,331 

175 

Madras — 







(fOdavari . 

4,400 

4,4.50 

335 

2,118 

1,291 

1)7 


4,305 

15,203 

1,148 

35,041 

1,37,245 

10,310 

Total . 


39,19,709 

S94,720 

1,228.625 

24,97,914 

187,3/3 


(a) £8iimAU‘<l. 


In contrast with the preceding yeai- there was a rise in the total 
output of iron and steel by the Tata Iron and Steel Co. at Jamshed- 
pur. The production of pig-iron rose from 699,931 tons in 1932 
to 793,953 tons in 1933, with increases in the production of steel 
(inclmling steel rails) from 430,333 tons in 1932 to 505,429 tons in. 
1933, and of ferro-manganese from 360 tons in 1932 to 7,725 tons 
in 1933. As in 1932, there was no production of pig-iron by the 
Bengal Iron Co. ; their output of products made from pig-iron in 
1933 amounted to 12,511 tons of sleepers and chairs, and 23,263 
tons of pipes and other castings, against 3,371 tons and 17,266 tons, 
respectively, in 1932. The Indian Iron and Steel Co. increased their 
production of pig-iron from 198,700 tons in 1932 to 249,079 tons in 
1933. The output of pig-iron by the Mysore Iron Works rose 
slightly from 14,683 tons in 1932 to 14,805 tons in 1933. The total 
production of pig-iron in India rose from 913,314 tons in 1932 to 
1,057,837 tons in 1933, and is shown in Table 18. 
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Table 18. — Production of Pig-iron in India during the years 1932 

and 1933. 


— 

m2. 

I93:t. 


Tons. 


Tho Tata .Troii and Stocil Cninpany, Limited 

Tho Indian Imn and Nt4.»cl CJomjWiiiy.. iiimitiHi . 

The My. m)ro iron W« irks ...... 



Total . 

913,314 

1.057,837 


The total niunhcr of indigenous lurnsices that were at work in 
the Central Provinces during the year 1032 for the purpose of smelt- 
ing ii'on-ore was 114 against 118 in the pre\'ioii8 year ; 52 furnaces 
were oj)eratijig in the Pilaspur district, 54 in Maiidla, 2 in Itaipur, 
i in Saugor, 5 in Drug, anrl none in Jubbulpore. 

The increjise in the production of pig-iron in India recorded above 
was accoinpunie<l by a rise in the quantity exported froni 24.S,.3{.(1 
tons in 1932 to 372,015 tons in 1933. Table 19 shows that .Taj>an 
is the principnl oousunier of Indian pig-iron ; the proportion taken 
rose from 41'5 per cent, in 1932 to 48*3 in 1933, whilst the actual 
amount rose by 70 per cent. Thcie was also a large increase in 
exports to the United States of America of about 100 per cent. (44,973 
tons) and an increase of 7,600 tons to China, with small decreases 
to the United Kingdom and Hongkong. The export value per ton 
of pig-h’on fell from Us. 34*8 (£2*02) in 1932 to Us. 24-5 (£1*84) in 
1933. 

The Steel Industry (Protection) Act, 1924 (Act No, XIV of 
1924), authorised, to companies employing Indians, bounties upon 
rails and fishplates wholly manufactured in British India from 
material wholly or nuiiuly produced from Lidian iron-ore aixd com- 
plying with specifications approved by the Uailwjjy Boui'd, and 
upon iron or steel railway wagons, a substantial portion of the com- 
ponent parts of which had been numufactured in British India. 
This Act was repealed by the Act No. Ill of 1927 and the payment 
of bounties consequently cejised on the 31st March, 1927 ; the indus- 
try is, however, protected to a certain extent by varying tariffs on 
different classes of imported steel. An Act is now before the Legis- 
lative Assembly proposing considerable modification of the tariffs. 
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quantitieB and values reported since 1901, when the output was 
120,891 tons valued at £122,831. In 1905 the output was 247,427 
tons valued -at £223,432, since when the smallest production was 
450,416 tons in 1915 valued at £929,546; whilst the smallest value 
was in 1909 when a production of 644,660 tons was valued at £603,908. 
The full magnitude of this catastrophe to the Indian manganese 
industry is perhaps best realised from the fact that whilst the quan- 
tity of the pKMluction in 1933 was a little over one-fifth of that of 
the peak year of 1927, the value was less than one twenty-second 
part of the value of the 1927 production. In fact in none of the 
major Indian miucral indiistries liave the effects of the slump been 
so seriously felt as in the manganese industry. 

The slight increase in 1933 is due to increases in Sandur State 
(22,237 tons), Keonjhar State (15,499 tons), Vizagapatam (8,649 
tons), and Singhbhum (5,181 tons), with small outputs from Boiuii 
State and Kurnool, largely balanced by decreases in the Central 
Provinces. In the Central Provinces the production fell from 302,344 
tons in 1931 to 77,186 tons in 1932, and 28,789 tons in 1933, wMch 
is less than the oujjput of 1900, the year in which the manganese 
industry commenced in the Central Provinces, when the output 
was 35,356 tons. During 1932 and 1933 .the majority of mines in 
the Central Provinces were closed including several mines that had 
never been closed since the commencement of work in 1900 and 
1901. There was a total cessation of production in the Nagpur 
district and almost total cessation in Bhandara. 

The distribution of increases and decreases in production in 1933 
illustrates vividly the vital importance of lower railway freights 
on manganese-ore from the Central Provinces with its long lead to 
the ports ; for although this tract produces the highest grade of ore 
the increases in output daring 1933 were from the mines nearer the 
sea in spite of the fact that the majority of them produce second- 
grade ores. 

In 1924, first-grade ore, c.i.f. United Kingdom ports, fetched 
an average price of 22*9(2. |jer unit, in 1925 this price fell to 21*.5d., 
in 1926 to 18*4d., in 1927 to 18*ld., in 1928 to 17*0d., with a heavy 
fall in 1929 to an average price of 14*0(2. per unit. In 1930 the price 
fell, to l3*ld, per unit, that is to the post-war lower governing price 
of manganese^ for 1928, with on index figure of cost of supplies 

1 See ffee. OeO. S«n)., Jnd^ VoL L3XV, p. 19S, (19M). 
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and services of 1‘4S, in 1931 to ll‘8(i., and in 1932 to 9‘6d. pet unit, 
which was also the price during 1933. 

This continued fall in the price of inanganeae-ote from 1924 to 
1932 is to be correlated with the fact that from 1924 to 1927 the 
rate of increase of the world’s production of manganesc-ore was 
much greater than the rate of increase in the world’s production 
of pig-iron and steel. And although there was a fall in the world’s 
output of manganese-ore in 1928, th<5rc was a very large increase in 
1929, greater tlian was justified by the incre.a.sed production of iron 
and steel in that year, and it is evident that the. world’s available, 
supplies of manganese-oie are now much in excess of requirements. 
Eussia, by non-economic methods of exploitation and finance, is 
able to place large quantities of ore on the market at a ]>rice. well 
below both the critical figure of 13‘ld. referred to above and also 
below any revised figure allowing for the fall in index figures. The 
index figure for 1932 was 0*91 for which the corresponding lower 
governing price of manganese would be T-Sd. had labour charges 
and railway freights fallen accordingly. During 1932 the price of 
Russian ore fell from 9 to 9|d. c.i.f. at the bcgiutiiug of the year 
to 8 to 9d. c.i.f. per unit at the. end of the ytjar, a price, which persisted 
during 1933, and one with which India cannot compete without 
a return to pre-war railway freights and pre-war labour charges. 
The Indian trade has accordingly suffered disastrously. The large 
deposits of high-grade raanganese-oro discovered near Postmasburg 
in South Africa are also being developed, and it uuy be anticipated 
that eventually South Africa will secure a .substantial portion of 
the world’s market. Production from this field was su.speiided 
during 1932, but was resumed in May, 1933. It is not surprising, 
therefore, that in spite of the apparent prosperity of the Indian 
manganese industry in 1929 and 1930 as judged from figures of 
production and export, yet by 1930 the industry as a whole liad 
arrived at a stage of relative depression, causing many operators 
to cease work. Added to increa.sed available supplies there has 
been in 1931 and 1932 the disastrous decline in the activities of the 
iron and steel industry of the world, illustrated by ta decline from 
the peak figure of 122 million tons of steel in 1929 to about 68 million 
tons in 1931 and only 60 million tons in 1932. In 1933 there was a 
partial revival and the output of steel was some 69 million tonsS and 
in early 1934 this has produced a slight hardening in the price of 
man^uese-ore. 

^ Miniitg Jotirmd, lOth I^broaty, 1934, p. 00. 
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. The present chief sources of production of manganoac-ore are 
India, Bussia, the Gold Coast, South Africa, anti Brazil, ^\hi!5t 
substantia] stipplics of ore are forthcoming from Egypt and Czecho- 
slovakia. 

There is. a steady consumption of manganese-ore at the works 
of the three principal Indian iron and steel companitg, not only 
for use in the steel furnaces of the Tata Iron and Steel Company, 
and for the manufacture of ferro-manguneso, but also for addition. 
to the blast furnace chargti in the mautifacturo of pig-iron. Tlu*. 
consumption of raanganesc-orc by the Indian iron and steel indus- 
try in the year under review amounted to 39,395 tons, against 
19,647 tons in 1932. 


Tabus 2l.--Qmntity and value of Manganese-ore froduced in Tiulia 
during the years 1932 and 1933. 


t 

1932. 

1933. 

j 

Quantity. 

1 

Value f.o.b. 
at Indian 
ports. 

1 Quantity. 

Value f.o.h. 
at Indian 
ports. 



1 Tons. 

Mmnnnnii 

Tons. 

£ 

liihar amd Orissa — 






Bouai State 

• 

• • 


3,115 

1,771 

Kconjhaj State • 

• 

44,908 


00,407 

34,357 

Singh bhuiti « « 

• 

2,272 


7,453 

7,919 

Bombay — 






Korth Kanara . 

• 

012. 

620 

• • 

•• 

Central Provinces — 






Balaghat • 

• 

30,762 

40,132 

20,501 

23,405 

Bhandara 


10,918 

11,910 

60 

69 

Chhindwara 

• 

10,041 

10,961 

8,228 


Kagpur . 

• 

19,465 

21,249 

•• 

•• 

Madras — 






Komool . • 

• 

a . 

• • 

300 

124 

Sandur State 

a 

79,023 

26,170 

101,260 

38,605 

Vizagapatam . 

• 

8,049 

3,169 

16,698 

7,409 

Mtfsore-^ 






Chitaldrug 

• 

219 

79 

5 

2 

ShiiBoga « 

« 

335 

131 

280 

116 

Total 

% 

212,404 

J40,022 

218,307 

man 
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In spite ol the almost static depressed ronditiou of the producing 
side of the industry during 1933, exports, including the quantities 
exported from Mormugno in Portuguese India, increased some- 
what from the nadir of 301,252 tons in 1932 to 370,354 tons in 
1933. The large increase in the exports from Vizacapatam is due 
to the opening of the new port. Table 23 shows the dis- 
tribution of manganese-ore exported from Bfilish Indian porta 
(excluding Mormugao) during 1932 and 1933, from which it will 
be seen that the United Kingdom with an increase of some 40,000 
tons became again the chief iinpt)rter of Indian manganese-ore. 
The second place tus importer was held by France with a decrease of 
some 15,000 tons, with Japan a close third with an increase of 
some 44,(i00 tons ; Belgium again sliowcfl a decrease, amounting 
to sonic 7,000 tons. In 1932 the exports to the United States of 
America, one of India’s ’[.'rifieii'al markets for mangaiuso-ore, had 
ceased toinpletely. In 1933 there was a trivial export to this di's- 
tination. The feature of the viar was the large increase in the 
exports to Japan. 


'J’AunK 22. - Exjmls oj MangavCNc-ove during 1932 and 1033 accord- 
ing to porta of Slii'puienl. 


— 

1«J32. 

1033. 


Tons. 

Tons, 

Bombay • 

08,145 

51,747 

Calcutta 

131,300 

146,121 

ViT’^igaxjatam 

. 3,200 

61,940 

Mormugao (PortugucBc lndi}i) 

108,508 

116,546 

Total . 

101,252 

376,354 
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Table 23. — Export of Manganese-ore from British Indian porta 
during the years 1932 and 1933. 




1032. 

1033. 


Quantity. 

Value 13-3). 

Quantity. 

Value (£1« 

-Ba. 13-3). 



Tons. 

B8. 

£ 

Tons. 

Kb. 

£ 

To— 








RJogdom 

• 

r>4,397 

15,45,175 

116,170 

05,292 

20,54,516 

154,476 

Ijernumy . 

• 

1,050 

10,874 

1,404 

2,7f!."i 

58,334 

4,886 

NotherlandB 

. 

2,000 

50,000 

3,750 

2.OC0 

36,700 

2,70« 

Belgium . 


26,402 

7,60,046 

57306 

10,422 

4,20.620 

32,077 

France 


82,621 

19,06,700 

147,880 

67,004 

12,08,010 

00,828 

Japan 

. 

21,808 

4,66,878 

34,351 

65,904 

12,15,765 

01,410 

United tittttee of America . 


: 

.. 

11 

585 

44 

Other oouutrlee 

• 

4, 6(H) 

1,17,750 

8,853 

7,1.60 

1,02,295 

7,601 


Total . 




259,808 

&U02fm 

mfi77 


, Mica. 

There was a marked rise in the declared prcKluctiou of mica 
from 32,713 owts. valued at Rs. 14,36,401 (£107,925) in 1932 to 
•11,075 cwts. valued at Rs. 16,82,045 (£126,470) in 1933. As has 
been frequently pointed out, the output figures are incomplete, and 
a more accurate idea of the size of the iudiistry is to be obtained 
from the export figures. In the years 1926 and 1927 the eaqport 
figure was approximately double the reported production figure, 
whilst in the years 1928 and 1929 the quantity exported was more 
than double the reported production. In 1930 the recorded exports 
were, however, only some 67 per , cent, in excess of the reported 
production, in 1931 36 per cent., in 1932 43 per cent., and in 1933 
some 46 per cent., in excess. This may mean that the Act referred 
to in the third paragraph is now beginning to produce a definite 
effect. This will be conclusively proved only by statistics over a 
period of years. 

The United States of America and the United Kingdom, which 
are the' principal importers of Indian mica, absorbed respectively 
24*0 pra omt. and 47*6 per cent, during 1932, and 34*3 per cent, 
and 40*8 p«r cent, during 1933. Qezmany to(dE 10*6 per cent. 
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and 10*7 per cent, respectively, of the total quantities exported 
during the years 1932 and 1933. The average value of the exported 
mica decreased slightly from Bs. 71*2 (£5*4) per cwt. in 1932 to 
Es. 70*7 (£5*3) per cwt. in 1933. The exports rose, from 47,021 cwts. 
valued at Es. 33,48,943 (£251,800) in 1932, to 57,717 cwts. valued 
at Es. 40,92,033 (£307,671) in 1933. The value for 1932 is the 
lowest total value recorded since 1915*16, when the value of the mica 
exports was £208,496. It is pleasant to be able to record the turning 
of the tide. 

The difference between exports and production is generally 
attributed to theft from the mines. If this be the only explanation 
we must assume that during the three years prior to 1930 there 
had been as much mica stolen as won by honest means. Early in 
1928 a bill was introduced into the Legislative Council of Bihar and 
Orissa, the pmpose of which was an attempt to reduce the losses on 
this account by licensing miners and dealers ; the bill was rejected. 
In March, 1930, however, a similar bill to regulate the possession 
and transport of, and trading in, mica was passed, and from the 
figures presented since 1930, as anal3r8ed above, it appears that this 
bill may have produced a good effect. 


Table 2i.— Quantity and value of Mica product in India during 

the yeare 1932 and 1933. 



1932. 

1933. 


Quantity. 

Value (£1«» 

Bs. 13*8). 

Quantity. 

Value (£lo 

>Bb. 13-8). 

BUmr and Oruaa — 

Cwta. 

Ba. 

£ 

Cwts. 

Be. 

£ 

Gaya 

8,l>97 

8.03,610 

20,506 

8,402 

2,29,000 

17,286 

Hazarlbogh 

15,300 

6,41,847 

48,269 

24,266 

10,20,102 

77,S76 

Monghyr , 

•• 

•• 

• • 

6 

169 

18 

ifadraa^ 







Kellore 

8,818 

8,82,056 

28,726 

7,932 

3,97,462 

120,884 

Kllglrla . . . 

61 

7,869 

692 

73 

1 12,275 

928 

Jtajpvtann-^ 







AJmer-Merwara . 

177 

6,610 

400 


10,128 

762 

Jaipur State 

70 

8,500 

263 

70 

3,000 

226 

Total 

88,718 


707,m 

41,078 

16,82,046 

126,470 


9 
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Table 25. — Quantity and value of Mica eaeported from India during 

the years 1932 and 1933. 




1032. 

1033. 



Quantity. 

Value (ila-Es. 13-8). 

Quantity. 

Value (£1«-B8. 18*8). 

a’o — 

United Kingdom 


Cwts. 

22,380 

Its. 

18,60.262 

£ 

130.860 

CwUi. 

£8,676 

Bs. 

22.68.608 

£ 

170,679 

Ger any . 

. 

6,013 

2.30.606 

18,008 

6.161 

8,20.961 

24,132 

Fronee 

. 

788 

87,719 


1.067 

70.831 

6,002 

United BtateB of ‘.Ame- 
rica. 

11,264 

6,44.660 


10,812 

8.04,321 

67,242 

Other countries 

• 

7.667 

0.16.888 


7,102 

6.28,222 

30,710 

Total 

• 

47.021 

33,48,943 

25JM0 

57,717 

40,93M3 

307,671 


Monazite. 

The monazite industry of Travancorc, which was moribund in 
the year 1925, when the reported production was 1 cwt. only, showed 
signs of revival in 1926, the output amounting to 64*2 tons valued 
at £947. The production rose to 280 tons valued at £3,810 in 1927, 
fell to 103*4 tons valued at £1,242 in 1928, and rose again to 180 
tons valued at £1,800 in 1929. In 1930 the production fell again 
heavily to 14 tons valued at £140, hut in 1931 rose again to 8C-6 tons, 
valued at £890, in 1932 to 654*3 tons valued at £6,147. Reliable 
figures for 1933 have not yet been received. The decline of the industry 
from the high figures of 1919 to 1921 is of course due to the supplant- 
ing o^ incandescent mantles for gas lighting by electricity. The 
increasing demand for ilmenite, occuning with the monazite and 
hitherto regarded as a bye-product, may be the means of reviving 
the industry by rendering cheaper production possible. 

Nickel. 

As a bye-product in the smelting operations of the Burma Cor** 
poration, Limited, at Namtu, in the Northern Shan States, there is 
now a regular production of nickel-speiSs, which in 1927 amounted 
to 1,082 tons,- in 1928 to 2,933 tons, in 1929 to 3,065 tons, and in 
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1930 to 3,180 tons. In 1931 the output fell somewhat to 2,911 tons 
valued at lls. 6,73,973 (£49,924), rose in 1932 to 3,680 tons valued 
at Us. 10,27,677 (£77,269), and fell again slightly in 1933 to 3,350 
tons, valued at lls. 10,28,523 (£77,333), and containing 29*04 per 
cent, of .uiokel, J1*0 per cent, of copper, and 26*60 ozs. of silver to 
the ton. This speiss is shipped to Hamburg for further treatment. 
It contains from 3 to 4 per cent, of cobalt. 


Petroleum. 

The world’s production of petroleum in 1926 amounted to nearly 
150 million long tons, of which India contributed 0*72 per cent. 
In 1927, this figure jumped to some 172 million long tons, of which 
the Indu^n proportion, on a practically stationary production, fell 
to 0*64 per cent. In 1928, there was another sul>stantial rise in the 
world’s production, which reached the figure of over 181 million 
tons. In 1929, there was another jump to over 202 million tons, 
but in 1930 the world’s proiluetion fell to about 193^ million tons, 
in 1931 to about 187 million tons, and in 1932 to about 179 million 
tons, whilst in 1933 the production rose again to about 198 million 
tons. Decreases were shown by Columbia, Trinidad, India, Ger- 
many, Kgypt and Canada. All other important producer.<* showe<l 
an increase in production, by far the largest amount being due to 
the United States. The United States contributed 62*5 per cent, 
of the world’s supply in 1933, Russia 10*6 per cent, and Venezuela 
8*3 per cent. In 1928, India contributed 0*64 per cent., which fell 
to 0*60 per cent, in 1929 and rose to 0*62 in 1930, 0*63 per cent, 
in 1931 and 0*64 per cent, in 1932, and fell again to 0*62 per cent, 
in 1933 ; her position on the list of petroleum producing countries 
fell from 11th in 1929 to 12th in 1930 to 1933, her place being taken 
by Trimdad.i 

The production of petroleum in India (including Burma) fell 
slightly from 308,606,031 gallons in 1932 to 306,009,022 gallons 
in 1933. The decrease in 1932 represents a connderable decrease 
in the output of Assam and the Punjab, and of a small proportionate 
decrease in the production of Burma. This decrease in output in 
1933 was accompanied, however, by a large increase in value amount- 
ing to Rs. 1,18,24,818 (£889,084), or 23*3 per cent., an increase much 

’ Partly compiled from Thf Petroleum Timet of 2ttd .lane 1934. 

I>3 
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in excess of the decrease of 1932 brought about by the world depres- 
sion. 

The amount of petrol produced from natural gas during the year 
was 8,729j928 gallons, of which 8,172,1^7 gallons were produced in 
Burma and 567,731 gallons in the Punjab. 

The Yenangyaung field maintained its reputation of being one 
of the most wonderful oil fields in the world. The production of the 
previous year was not merely maintained, but was increased by 
8,494,112 gallons, or nearly 7 per cent, of the 1932 total. New 
productive areas continue to be proved and the resources of the field 
as a whole are sufficient to ensure noany further years of profitable 
production. At the end of 1933 there were 3,017 wells producing 
in the field. Besides a large number of wells drilled to shallow 
sands, this total includes 180 Burmese hand-dug wells whose 
continued existence is one of the interesting features of the 
field. 

The bulk of the' new production during the year continued to be 
derived from wells drilled on the eastern fiank of the field outside 
the Reserves and their borders. Systematic exploration of this 
new area continued to make steady progress ; at the end of the year 
its limits had not yet been reached. Within the Reserves and their 
borders fiush production was obtained from deep sands in the eastern 
part of the Twingon Reserve and towards the end of the year com- 
petitive drilling by rotary methods commenced to the deep sands in 
the south-eastern part of the Berne Reserve. The search for new 
deep horizons continued, without success, as yet, but the progress 
of the deep test wells is being watched with interrat. 

The operation of the vacuum system in the Reserves and their 
borders remained unchanged. An order by the Warden, Burma 
Oilfields, permitting an increase to 7^ inches of mercury, and later to 
10 inches of mercury, was reviewed by the Financial Commissioner, 
Burma. At the close of the year ho passed an order restricting the 
areas in which the increased vacuum might be applied to the central 
and western part of each of the two Reserves where the majority of 
the wells which were in a late state of decline appeared to be segre- 
gated. The application of the increased vacuum was postponed until 
1934 and provision was made for barrier zones between the areas of 
differential vacua \^ithin the Reserves and their borders. 

Satisfactory results continue to be obtained from gas drives 
in the leased blocks. While the number of input wells has decreased. 
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the input of gas has been increased. The major companies operating 
within the Keseryes cooperated in appl}ring back pressures to youth- 
ful wells. Casing policies continue to be carefully designed to 
protect the oil sands against the danger of flooding by water and, in 
general, production methods throughout the fleld are characterised 
by a realisation of the importance of the conservation of oil and gas 
and the prevention of waste, whether simple or underground. 

- In 1933 there was a decrease of some 6 million gallons in the out- 
put of the Singu field, but a reduction in the total production 
obtained from this field does not necessarily indicate a corresponding 
decline in the productivity of the sands. At the end of the year the 
total number of producing wells was 448 as compared with 436 in 
December 1932. In addition a number of wells remained cemented 
above prtoductive sands. These wells can be drilled into productive 
sands in a very short time and the total field production substan- 
tially increased. 

There has been no radical chaise in production methods during 
the year under report. The fundamental principle underlying the 
policy of the major operating company is to make those adjustments 
at each well which lead to a maximum oil recovery with a minimum 
production of gas. Wells with Idgh gas-oil ratios are shut in, and 
the balance of casing-head gas remaining after the satisfaction of the 
field requirements is returned to dry gas sands for storage, or to 
certain areas for repressuring purposes. There is one gas drive in 
operation and experiments in repressiuing were undertaken by the 
British Burmah Petroleum Company, Ltd. At the close of the year 
this company had decided to apply an air drive to certain of their 
wells. During the year the Burmah Oil Company, Ltd., continued 
their preparations for the construction of a wall in the River Irra- 
waddy to reclaim a potentially productive area. Continuous gas-lift 
on some lower-division sand wells and gas-displacement pumping on 
upper-division sand wells were continued on a small scale, but 
production from the great majority of the weUs in the field was 
obtained by mdinary pumping methods. 

In 1933, the total production in the Pakokku district, excluding 
Lanywa, amounted to 4,224,958 gallons. No new horizons were 
proved during the year. The total production from the Lanywa 
field was virtually unchanged at 19,257,024 gallons. Steady pro- 
gress was made with the work of filling in behind the embankment 
with the object of rendering the reclaimed area permanently above 
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highwater level. The embankment was extended and a further 
productive area proved behind the extension. Back pressures are 
maintained on nearly all the wells in this model field which is operated 
by the Indo-Burmah Petroleum Company, Ltd. All wells are pumped 
by electricity and pumping powers are about to be installed. The 
petrol plant was operated throughout the year and gave a satis- 
factory yield. 

In the Minbu district there were, at the close of the year, 351 
prodiunng wells^ including one gas well, giving a total production 
of 3,718|2D0 gallons. Apart from routine production there was 
very little activity in the district during the year. 

In 1933 the total production from the Indaw field was restricted 
to 2,574,686 gallons. Dining the year the great majority of the 
weUs at Indaw were successfully operated by the autonoatio gas 
lift system. 

Production from- the PadaukpJn and Yenanma fields in the 
Thayetmyo district decreased by about 30, (HX) gallons during 1933. 
Towards the end of the year equipment for drilling under pressure 
was put into suo 9 essful operation in the important deep test well 
which is being drilled by the Burmah Oil Company, Ltd., at Monat- 
kon. 

The output from Kyaukpyu remauied as its usual low level. 

Owing to the unfavourable economic conditions during 1932 
ami 1933 there was little activity in areas outside the producing 
fields of Burma. 

In Assam there was a small decrease in the output of the 
Digboi field. No new areas have yet been proved in the Assam 
Vallqr. 

In the Surma valley the Badarpur field was finally abandoned 
during the year and the output for the year was, therefore, small. 
Work at Patiiaiia was temporarily suspended, while good progress 
was made with new drilling at Masimpur. 

In the Punjab, the output from the Khaur field decreased by 
over 1,600,000 gallons. In a deep test well the underlying limestones 
were reached at about 5,600 feet from the surface and the boring 
was carried down to 5,877 loot. Bmull quantities of oil were fouml 
in the limestone, whilst indications of gas and oil were obtained frmn 
the strata immediately overlying the limestone. Another well is 
h^ng deepened to test the value of these indications. 
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Part 3.J Pbbuor : Mineral Production, 1933, 


Tablb 26. — Quantity and vedue of Petroleum produced in India during 

the years 1932 and 1933. 




1982. 



1989. 



Quantity. 

Value (£1- 

Ba. 13-S). 

Qiianllty. 

Value (£laKa. 13-3). 


Gala. 

Ks. 

£ 

Gala. 

Ka. 

£ 

Badarpur . 

847,217 

03,367 

4,704 

66,867 

4,178 

314 

Dlgbol 

64,1M,186 

02,64,823 

695,851 

52,716,120 

00,01,748 

070,828 

Patbaria 

Burma — 

89,864 

7.019 

505 

•• 

•• 

•• 

Kyaukpyu . 

13,287 

11,814 

888 

14,350 

12,012 

048 

Minbu 

8,860,710 

6,26*760 

47,040 

3,718,250 

7,00,218 

59,415 

Sfngu y . 

88,941,030 

1,44,63,066 

1,080,007 

82,613,112 

1,76,99,284 

1,310, «40 

Thayetmyo . 

464,820 

75,463 

5,073 

434,672 

92,346 

0,043 

Upper Chlndwin . 

4,040,000 

3,03,051 

22,786 

3,062,778 

2,28,958 

17,215 


' 23,007,044 

37,66.163 

282,343 

23,481,082 

60,20,005 

,377,612 

Yenangyaung 

127,191,743 

2,07,06,623 

1,601,318 

135,085,855 

2,88,50,578 

2,100,210 

i’liiriob— 

AUock 

6,900,480 

14,75,120 

110,011 

4,230,130 

10,50,084 

70,627 

TOTAIi 



3A18,H7S 

306,009,022 

# 




Tablb 27. — Imports of Kerosene Oil into India during thi years 

1932 and 1933. 



1082. 

1933. 


Quantity. 

Value (£1« 

ite. la a). 

Quantity. 

Value (£1» 

lU. 13-3). 

FrofOr^ 

Union of 
8ovletItepubllca. 

Gab. 

45,580,080 

Ks. 

1,87,33,271 

£ 

i,4<i8,5l7 1 

Gab. 

41,940.734 

Ks. 

1,00,85.785 

£ 

1,209,457 

Itouinanla • 

4,919,489 

23.01,891 

173,074 

0,210,529 

15,55,280 

110,038 

Tmla . 

18,053,144 

98.97,711 

744,189 

302,708 

4):, 00, 199 

15,Oj3 

8tvait»8ettloiiient6 

0,500 

1,970 

149 

12 

' 0 

I 1 

Bomao 

2,18iA60 

8,72,149 

05,576 

•• 

'* 

• • 

Oelebea and other 
Islanda. 

1,913,028 

8,20,038 

01,702 

•• 

.. 

1 ** 

United States of 
A*nefita. 

Otbtt connttlw . 

0,080,)H)( 

1 COO 

31,10,830 

843 

2.33,897 

20 

1,104,856 

8.147,624 

7,47,886 

36,26,066 

50,228 

269, 102 

loc^ 

njnun 

ifir,ssMi 


37.77«im 

2JilJS,76S 
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Tabia 28. — Imports of Fud Oils into India during the years 1932 and 

1933. 


‘ 


1032! 



1988. 



Quantity. 

Value (£1»B8. 13*3). 

Quantity. 

Yalne (£1-Ss. IS-S). 


Gals. 

Rs. 

£ 

Gals. 

Bb. 

£ 

Boumaitia . 

2.017,087 

6,63,871 

41,644 

8,767,246 

16.09.411 

121,008 

^enla . 

67,038,468 

1,81,00,266 

085,658 

64,684,011 

1.23,24,300 

92e.e4e 

Straits Settlements 

09,800 

10,814 

1,462 

160,380 

41,706 

8,136 

Borneo 

26,513,803 

62,01,654 

801,102 

27,613,731 

60,54,512 

880,030 

Other countries . 

7,813,856 

15,42,640 

116,088 

8,852,481 

7,04,266 

60,718 

T0T4L 

106.202»687 

2,04,26,734 

1,535,344 

104,088»76S 

1,03,24,275 

7,400,547 


Table 29. — Expwts of Paraffin Wax from India during the years 

1932 and 1933. 




1082. 



1038. 



Qiiantity. 

yaltte(£l»Ki.l8-8). 

Quantity. 

Value (£1» 

Bs. 18*3). 


Tons 

Es. 


Tons 

Bs. 

£ 

ro— 







United Kingdom . 

11,627 

53,27,607 


11,707 

60,40.672 

: 70,440 

Germany 

1,420 

6,08,660 

45,011 

3,083 

16,74,082 

125,867 

Kethwlands 

4,780 

20,36,300 

153,106 

6,731 

28,86,637 

213,206 

Belgium 

3,501 

16,11,800 

113,660 

4,84? 

18,57,704 

130,677 

Italy . 

4,080 

16,92,600 

127,268 

4,525 

18,84,426 

141,686 

China . 

2,000 

8,67,446 

65,222 

1,400 

7,68,600 

67,700 

Japui . 

1,705 

7,00,800 

50,421 

210 

1,17,600 

8,842 

Union of South 

2.106 

10,47,540 

78,708 

2,812 

12,86,034 

02,035 

Africa. 



POTtuguese Bast 
AMoa. 

Canada 

4,619 

24,09,785 

181,187 

4,681 

21,86,869 

160,664 

1,270 

5,88,400 

40,105 

1,950 

8,18,800 

61,664 

United States of 

8,050 

16,50,000 

124,737 

5,074 

21,28,980 

160,070 

America, 

3,670 



Mexico 

15,45,574 

116,200 

•• 

•• 

•• 

ChUs . 

K] 

4,16,710 

81,882 

581 

2,23,280 

16»764 

Anstealia 

807 

1,26,420 

9,505 

848 

1,48,100 

11,142 

KeWSealaad 

20 

8,820 

668 

45 

18,900. 

1»421 

Argentine Bepublle 

600 

2,52,160 

18,059 

785 

8,08,700 

28,211 

Straits BeUlementi 

54 

22,680 

1,705 

114 

47,085 

8,608 

Otibier oountrlea • 

452 

1,91,020 

14,862 

2,480 

10,42,580 

78.889 

Xow • 

67,118 

siisjrm 

ItSSl^SS 

UtW 

BSH 

tfirsjits 































Pabt 3.] Fbbmob : ilvnerci Production, 1938. ^ 

There was a considerable decrease (20 million gallons) in the 
imports of kmrosene, due mainly to an almost complete cessation of 
imports from Persia (18 million gallons), and a largo fall in the im* 
ports from the United States of America (6 million gallons). 

There was a trivial fall in the quantity of fuel oil imported into 
India, the principal change being an increase of nearly 6 million 
gallons from Eoumama and a fall of some 3 million gallons from 
Persia. Some 62 per cent, of the supply was derived from Persia 
and some 26 per cent, from Borneo. 

The exports of paraffin wax again showed an increase, amounting 
to some 4,600 tons (iSee Table 29). 

Ruby, Sapphire and Spinel. 

Since the liquidation of the Burma Ruby Mines, Limited, and the 
final cessation of the operations of this company in 1931, reliable 
statistics of production of gem stones in the Mogok Stone Tract 
have been unobtainable. Work is still continued by local miners, 
but of this no statistics arc available ; in addition a certain amount 
of work is being done under extraordinary licenses. For 1932 no 
returns are available, except that a fine ruby of 17 carats was found 
at Ohaunggyi near Mogok, and a fine sapphire of about 90 carats 
and a go^ star sapphire of 453 carats were mined at Kathe. For 
1933 the only return is of 1,103 carats of rubies from Eathc. 

In addition the production was reported from Udbampui, Kash- 
mir State, of 26,100 tolas (1,434,286 carats) of sapphire with corun- 
dum valued at Bs. 92,000 (£6,917). The sapphire deposits of 
Kashmir have long been known, but on account of their high altitude 
they are worked only occasionally. 


Table 30. — Quantity and value of Ruby and Sapphire produced m 
India during the years 1932 and 1933. 


— 

1932. 

i 

1038. 

Quantity. 

Value (£l-Bs.l8-8). 

Quantity. 

Value (£l»iBa. 13*8). 

Burma . 

Kashmir State . . 

TOtAL 

CaratB 

• t 

• a 

Be. 

B 

Carats 

1,108 

(ltia>ies) 

1,484.286 

(SapjMbire 

wfSai 

corundum) 

Bs. 

688 

92,000 

t 

44 

6,917 


— 

mm 


92,6$i 

6, 861 
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Salt. 

There was a substantial iuerease in the total output of salt, 
amounting to some 102,000 tons, shared by Madras (43,954 tons). 
Northern India (19,860 tons), Aden (16,888 tons), Burma (10,705 
tons), and Bombay and Sind (10,124 tons). Imports of salt into 
India decreased largely by 166,923 tons, all the countries of origin 
showing decreases excepting Germany. 


Table 31. — QmrUUy and vahte of SaU produced in India dwring the 

y&irs 1932 and 1933. 


— 

Idas. 

1033. 

Quantity. 

Value (£1«E8. 133). 

Quantity. 

Value (£l>Ba.l8‘8). 


mil 

K0. 

£ 

Tons 

Ii9. 

£ 

Aden • • • 


38,84,808 

242,474 

308,120 

81,00,098 

157,002 

Bombay and t^iud . 


10,32,408 

145,208 

415,638 

21,81,752 

164,041 

Burma . 


4,26,438 

32,003 

83,780 

4,81,621 

88,818 

iSwalior . 

43 

1,744 

131 

35 

1,708 

133 

Madras • 

440,550 

20,05,730 

202,087 

400,510 

28,03,011 

817,887 

Bortlicrn India 

442,523 

30,78,149 

270,101 

402,883 

..... 1 

37,05,718 

283,137 

i 

Total . ‘ 

1*010.801 

X, 19, S3, 439 

893,734 

1.712,380 

X, 14,24, 888 

839^X2 


Table Z2.— Quantity and value qf Rock-Salt poduced in India during 

Rie years 1932 and 1933. 



1032. 

1983. 


Quantity. 

Value (Cl ".Be. 13*8). 

Quantity. 

Value (£l»]iii. 13-3). 


Tona 

Ba. 

£ 

Tons 

Re. 

£ 

Salt Range « 

148,518 

11,30,350 

85,425 

148,847 

11,14,301 

88,771 

Koliat 

18,078 

02,700 

4,721 

20A77 

05,116 

4A«6 

Ifondl • • • 

3,555 

03,482 

7,020 

3,040 

1,<)4,50<» 

7,804 

Total 

mm 


97,178 



. 99m 
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Table 33. — Imports of 8aU into India during the years 1932 and 1933. 




1032. 



1083. 



1 

Quantity. 

Vatu« (SloBa. 13-S). 

Quantity. 

Valne (£1»R8. 13 3). 

From — 

Tons 

Rs. 

£ 

Tons 

As. 

£ 

United Kingdom . 

31,001 

6,03,714 

44,640 

1,057 

01,403 

6,872 

Oermany 

49,478 

8,57,880 

64,508 

57,186 

8,70,577 

65,457 

Spain . 

26,094 

3,72,053 

28,042 

7,725 

1,33,185 

10,014 

Aden am] ]>eppn- 
denclea. 

304,220 

44,23,875 

332,622 

256,620 

33,57,860 

252,471 

Egypt . 

38,500 

5,64,005 

42,481 

15,634 

2,32,320 

17,468 

Italian Kaat Africa 

06,500 

13,27,124 

00,784 

57,040 

4,21.338 

31,680 

Other countries . 

6,040 

01,057 

6,014 

747 

11,222 

844 

\ 

TOTAl. 

602.741 

si,se.e6T 

618, m 

306.818 

$1,17,928 

384,806 


Saltpetre. 

Althoiigh statistics of production of saltpetre in India are no 
longer available, the export figures may be accepted as a fairly 
reliable index to the general state of the industry. Excepting a 
few hundreds of tons required for internal consumption as fertiliser, 
most of the output is exported to foreign countries. The quantity 
exported increased from 165,782 cwts. valued at Rs. 12,27,321 
(£92,272) in 1932, to 189,567 cwts. valued at Es. 15,57,919 (£117,136) 
in 1933. 

A certain amount of nitrate of potash is used for agricultural 
purposes on the tea gardens of India. During the war, when it was 
impossible to obtain supplies of imported potash, the amount of 
locally produced nitrate utilised in this way reached an appreciable 
figure. The practice continued and the quantities estimated to 
have been absorbed for fertilising purposes on tea gardens in 1923, 
1924, 1925, 1926, 1927, 1928, 1929, 1930, 1931 and 1932 were 1,000, 
1,100, 800, 700, 600, 260, 300, 800, 680 and 730 tons respectively. 
In 1933, this figure is estimated to have been 450 tons only. The 
gradual decrease since the year 1925 is due to the fact that it was 
found cheaper to cuyploy a mixture of imported sulphate of ammonia 
iuul nitrate of potash. The increased (tousuinption in 1930 to 1932 
was due to the nitrate being available at lower rates, and the decrease 
in 1933 to the general curtailment of manuiid programmes due to 
economic conditions. 
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Tablb 94 . — DistribrUion of SaUpetre exported from India during the 
years 1932 and 1933. 


— 

1932. 

1983. 

Quantity. 

Value (£l«Bs. 18-3). 

Quantity. 

Value (£1-B8. 13-3). 

1 

Cwts. 

Eb. 

£ 

Cwte. 

Eb. 

£ 

To— 







United Kingdom .. 

65,832 

4,25,667 

81,997 

60,834 

6,07,289 

38,142 

Ceylon 

36,378 

2, 00, $27 

16,739 

16,430 

1.10,912 

8,330 

Stralte 8ettlomcnis 

3,346 

42,031 

3,160 

3,388 

44,345 

3,334 

Mauritiufi and 

66,715 

8,86,897 

29,090 

87,654 

0,75.102 

60,766 

Dependencies. 







Other oonatcles • 

13,510 

1,03,490 

12,286 

22,402 

2.20,181 

10,555 

Totiii 


12,27,321 

IIQq 

189,667 

13,37,919 

117,m 


Silver. 

In contrast with the increases in the production of silver from 
the Bawdwiu mines of Upper Burma, amounting to 1,400,291 ozs. 
recorded during the four years, 1926 to 1928, the following years 
1929, 1930, and 1931 were marked by decreases amounting to 
124,211 ozs., 226,311 ozs., and 1,153,806 ozs. respectively. In 
1932 and 1933, however, there were small increases again, amounting 
to 98,656 ozs. and 63,504 ozs. respectively. These variations in 
quantity were accompanied by a small fall of value in 1929, marked 
in 1930 and 1931, and a marked rise in 1932, and a further 
rise in 1933. 

The output of £^ver obtained as a bye-product from the Kolar 
gold mines of Mysore showed a fall of some 1,600 ozs. 

amount of silver buUmn and coin exported during the year 
was 58,328,890 ozs. valued at Rs. 7,00,38,690 (£5,266,059) as com- 
pared with 34,664,148 ozs. valued at Bs. 4,16,61,144 (ib,124,898) 
dncuig 1^. 
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Part 3.] Frbmor : Mineral Production, 1933. 


Tablr 36.-~Quantity and value of Silver product in India during 

the years 1932 and 1938. 



ldd2. 

1933. 

. .. 

Quantity. 

1 Value (£l-«Ra. 18*3). 

: Quantity. 

Valne(£l-B8.13-S). 

hihaf and Ofisco— 
Manbbum . 

Ozs. 

Be. 


Oss. 

22 

Be. 

30 

2 

Biimia-’ 

Northern Shan 

States. 

5.998.9&6 

62,82,915 

468.640 

6,054,047 ' 

65,74,695 

494,838 

Mwore — 

Eolar . 

27,781 

38,796 

2,917 

26,172 

38,210 

1 

2,873 

Total 

6.026.737 

62,7J,7]1 

471,557 

6.080.841 

66,12,936 

497,213 


Tin. 

Following a series of years of practically continuous increase, 
a slight decrease in the pr<^uction of tin-ore in Burma was reported 
for the year 1931, during which the output amounted to 4,255*2 
tons valued at Bs. 35,07,380 (£259,806). In 1932, however, there 
was again an increase in production to 4,525 tons valued at 
Es. 45,09,995 (£339,097), and in 1933 to 4,960*4 tons valued at 
Ks. 70,89,994 (£533,082). This is the highest quantity and total 
value yet recorded in any one year. The considerable increase in 
the totel value is, of course, mainly due to the rise in the price of the 
metal resulting from the tin restriction scheme in operation in the 
five leading tin-producing coimtries Malaya, hfetherlands East Indies, 
Bolivia, Nigeria and Siam, a scheme to which India is not an ad- 
herent. The increase in output of some 435 tons is the balance of 
an increase from Mergui and Mawchi in the Southern Shan States 
and a decrease from Tavoy. Milling operations were suspended at 
Mawchi in August 1927 pending the installation of .additional plant 
and further development. Milling was resumed in February 1930 
and this explains the large increases of 1930 to 1933. The total 
figure for 1933 includes 1,738*5 tons from Mawchi, calculated to be 
the proportion of tin-ore in 3,050 tons of concentrates derived from 
mixf^ wolfram-scheelite-cassiterite-ore ; these concentrates are as- 
sumed to contain 43 per cent, of wolfram and 57 per cent, of cassi- 
terite. There wm no reported output of block tip. 
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Imports of imwxought tin fell from 49,279 cwts, valued at 
Rs. 47,50,341 (£357,168) in 1932 to 41,655 cwts. valued at 
Bs. 52,%,454 (£398,230) in 1933 ; over 97 per cent, of these imports 
came from- the Straits Settlements. 


Table ZQ.—QmnUty and whte of Tin-ore produced in India during 

the years 1982 and 1933. 


— 

1 1032. 

108$. 

Quantity. 

Value (fls^Rs. 13*3). 

Quantity. 

Value (£1-8 

'Ba. M-8). 


Tons 

Rs. 


Tons 

Its. 


SumM 







Amherst 

10-2 

22,712 

1,708 

23*0 

33,000 

2,540 

Mergtti 

688-0 

6,44,332 

40,027 

978*7 

12.71, 2M 

05,670 

doutheni Shan 

(a)l, 367*3 

16,52,120 

116,701 

(0)1,738*6 

24,84,316 

186,701 

Bsstes. 

I’setoy 

2,340*6 

23,80,826 

170,686 

2,216-8 

32,03,088 

247.668 

Thaloii 

t' 0*0 

006 

73 

4*4 

6,580 

496 

Total 

M83-0 

45,09,m 

339,097 

4,960*4 

70,89,994 

633,082 


(a) EstliiiAted. 


Table Til. —Imports of untorought Tin {bUndcs, irtgots,. bars and slabs) 
hvto India during the years 1932 and 1933. 


— 

1832. j 

1038. 

Quantity. 

Value (£l-> 

j 

V*. U-3). 

Quantity. 

Value (21 - 

'Be. 18-3). 


Cwts. 

Bs. 


Cwts. 

Hi. 


Ffom ^ 

UhiteA Kingdom . 

773 

74,410 

5,595 

1,024 

1,21,170 

0,111 

gtniti Setttsmmihi 

48,381 

46,65,298 

850,774 

40,838 

51,61,018 

888,046 







’ 

Other eomttvles « 

125 

10,626 

790 

08 

14,271 

1.078 

Total 

4M3t 

i7,99g94i 

367,399 

41«a55 

6SM,i64 

mjfso 
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Tungsten. 

During the three years 1926 to 1928 there was a fall in the output of 

wolfram from 1,484 tons in 1926 to 622 tons in 1928, the last being 

valued at Rs. 2,99,549 (£22,354). In 1929, the output rose again 
to 1,348*4 tons valued at Rs. 15,16,795 (£113,193), and in 1930 

to 2,451*5 tons valued at Rs. 18,09,881 (£134,065), declining slightly 
to 2,247*7 tons valued at Rs. 8,81,665 (£65,309) in 1931, and 2,022'9 
tons valued at Rs. 7,03,852 (£52,921) in 1932, and rising again 
to 2,1471 tons valued at Rs. 10,84,639 (£81,651) in 1933. The 

production of 1930 was the highest since the collapse of the industry 
at the end of the war and is close to the figure for 1920 (2,346*2 
tons valued at £139,707) both in quantity and value. The figures 
for 1932 and 1933 include 1,174*8 tons and 1,311*5 tons respectively 
from Mawchi, calculated to be the proportion of wolfram in concen- 
trates (assumed to contain 43 per cent, of wolfram and 57 per cent, 
of cassiterite) derived from the mixed wolfram-scheelitc-cassiterite- 
ore. 

The output of Tavoy rose slightly from 751*4 tons valued at 
Rs. 2,61,840 (£19,687) in 1932, to 762*1 tons valued at Rs. 3,96,.364 
(£29,801) in 1933. 


Taw.m \iS.~ Quantity and value of Tungsten~ore produced in India 
during the years 1932 and 1933. 



1932. 

1983. 


Quantity. 

Viilu«(£l=Bg. 13-8). 

1 Quantity. 

Value (£1 «>Rb. 13-3). 

Jlurtiia- 

Mcrgnl 

Toiih 

90-7 

Bs. 

33,253 

2,500 

wBm 

Rb. 

25,078 

1,868 

Moutbern Hhnn 

fitaioB. 

1,174-8 

4,08,750 

30,734 


6,02,307 

40,707 

Tavoy 

751-4 

2,01,840 

10,087 


8,06,864 

80,801 

Total 

' 1 

8,028-8 

7,03tm 

S8,S81 

8,147-1 


SJtSSl 


Zinc. 

The production of zinc concentrates by the Burma Corporation, 
Limited, in the Northern Shan States, rose to 61,432 tons valued 
at Rs. .30,82,944 (£231,800) recovering thereby nearly all the ground 
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lost since 1928 (output 64,122 tons), though the value is still greatly 
below the value in the peak year namely £659,412 in 1928. The 
slight rise in the value per ton is parallel with a similar rise in the 
price of spelter. The exports during the year under review amounted 
to 64,060 tons valued at Ks. 32,02,600 (£240,789), against 49,950 
tons valued at Rs. 24,97,600 (£187,782) in the preceding year. 

Zircon. 

The output of zircon, a mineral obtained as a concurrent product 
in the collection of ilmenite and monazite in Travancore State, 
increased from 490*6 tons valued at £3,806 in 1932 to 603 tons 
valued at £3,018 in 1933. There was a parallel decrease of 
ilmenite during the same year. 
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Amber. 


Ill^MlNBRALS OP GROUP II. 

The egate tiunes of Bajpipla State, Bombay Presidency, which 
had not been worked since 1917, were the source in 1929 of an 
. output of 148*7 cwts. vidued at Bs. 8,000 

***' (£697). In the years 1930 to 1933 there was 

no production. 

The output of alum in the Mianwali district, Punjab, amounted 
to only 478 cwts. valued at Bs. 6,626 (£412) in 1928. Since then 
there has been no manufacture owing to the 
low market rate. 

The production of amber in the Myitkyina district, Burma, 
decreased from 29*6 cwts. valued at Bs. 12,020 (£897) in 1928, to 
19-6 cvrts. valued at Bs. 6,0^ (£464) in 1929, 
and 2*1 cwts. valued at Bs. 730 (£64) in 1930. 
There was no reported output in 1931, but in 1932 there was an 
output of 11*6 cwts. valued at Bs. 1,940 (£146), and in 1933 of 76 
lbs. valued at Bs. 1,500 (£113). 

The production of apatite in the Singhbhum district, Bihar and 
Orissa, Was 22 tons valued at Bs. 3,300 (£244) in 1930, but nil in 
1931, 1932 and 1933. The output of apatite 
*** in the Trichinopoly district, Madras, fell from 

121 tons valued at Bs. 1,071 (£81) in 1932 to 37 tons valued at 
Bs. 372 (£28) in 1933. 

The last recorded output of aquamarine from the deposits of 
Daso in Ladakh in Kashmir was of 65 lbs. in 1921. In 1933 there 
was an output from these deposits of 686 
tolas (39,000 carats) valued at Bs. 686 (£62). 

Theie^was a decrease in the total production of asbestos from 
318'.4'^us valued at Bs. 16,160 (£1,206) in 1929 to 33*2 tons valued 
. at Bs. 1,190 (£88) in 1930. This was entirely 

^ derived from the Cuddapah <£st|iot, Madtas. 

The mines in Mysore and Seraikela State were not worlmd in 1930, 
and in 1931 the Guddi^ah mines also ceased producing. A sniall 
output of 6 tons valued, at Bs. 70 (£5) was reported from Ajnier> 
Merwaia duzmg' 1931.' In 1932 Seraikela State, Bihar and OMssa, 
yielded 90 tons of asbestos Valued at Bs. 9,000 (£677). Xh 1933 
them was no pteducriem of asbestos in India. 

The Ibraduotion ol bi^ytra in India rote from 2,967 tons valued 
at Baii 29,872 (£2^209) in 1932 to 5,661 tons Valtt^d at Bs. 41,817 


AqusitisrltM. 
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(£3,122) in 1933, totals but sUgbtly below those of 1931. This rise 
.. was largely due to the Ouddapah district, but 
there were also rises in Auantapur and 
Kumool, ojSset by a decreased production in Alwar State, as is shown 
in Table 39. 


Table 39. — Quantity and value of Barytes yrodueed in India during 

the years 1932 and 1933. 



1082, 

1083. 


1 

Qttaitiity. 

Yahic (£1« 

[ 

^Ks. 18-8). 

Quantity. 

Valuo (£1 .B.. 13-3 ). 

MadrM’— 

Tom.’ 

Its. 


Tons. 

Ka. 

£. 

AiuifAapiiT 

ISO 

1.720 

129 

210 

2.045 

j 154 

Cuddapah . • f • 

1,850 

18,535 

1,303 

8.074 

£8,810 

2,241 

Kutaool • « • . 

940 

o,m 

467 

1,854 

8.502 

040 

BafpuhMik^ 



• 




Alwar State 

488 

8,808 

220 

107 

1,070 

1 

81 

Total 

SM7 

20,878 

2.200 

6.661 

iU17 

3,m 


In 1930, 2,514 tons of bauxite valued at Bs. 20,112 (£1,490) 
were produced, of which 719 tons came from the Kaira district of 
Bombay, and 1,795 tons from the Jubbulpore 
district of the Oenixal Provinces. In 1931 the 
output from the Jubbulpore dis^ict was 4,298 tons valued at Bs. 8,964 
(£668)> and in 1932 4,467 tons valued at Bs. 8,728 (£656). In 1933 
there was w output (d 1,076 tons vidued at Bs. 3,160 (£237), of which 
1,000 tons were fuoduced in the Jubbulpore district, Central Provinces, 
and 76 tons in the Cuddapah district, Madras. 

In Ja^ur State, Bajputana, 20 cwts. of beryl were extracted 
in 1930 ; no yalued was rep(»^. There was no output in 1931, 
I but hi 1932 there was a production in Ajmer* 

Merwaro of 281 tons valued at Bs. 6,281 
(£397) which rose to 324 tons valued at Bs. 7,261 (£646) in 1933. 
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This beryl is being shipped to Germany and the United States of 
America for use as beryllitim-ore, i.e., for the extraction of the' metal. ' 
The Indian beryl is of high grade and fetches from £7 to £10 per 
ton c.i.f. in America and Europe, so that it is obviously under- 
valued in the returns. There appears to be no previous example of 
the production anywhere in the world of beryl on such a large scale. 

The production of native bismuth from the Tavoy district, 
Burma, fell from 112 lbs. valued at Rs. 323 (£24) in 1930, to 42 lbs. 

valued at Rs. 84 (£6) in 1931, and 27 lbs. 
valued at Rs. 54 (£4) in 1932 ; it rose again 
to 80 lbs. valued at Rs. 160 (£12) in 1933. 

Borax is sometimes produced from the Puga valley in the 
Ladakh tdhsU of Kashmir State, the last reported 
production being of 7*3 cwts. in 1929. 

The total estimated value of building materials and road-metal 
produced in the year under consideration 
an! ro&etal. was Rs. 1,06,40,166 (£800,012). Certain re- 

turns supplied in cubic feet have been con- 


Blsmuth. 


Borax. 


verted into tons on the basi.s of certain a.ssumed relations between 
volume and weight. 

There was an increase in the recorded production of clays, which 
rose from 130,884 tons valued .at Rs. 2,68,701 (£19,461) in 1932, 
^ to 230,002 tons valued at Rs. 2,17,882 (£16,382) 

in 1933. The largest increases were in Mysore, 
the Central Provinces, Bihar and Orissa, and the Punjab. There 
were no large falls. 



SQi 


[Vdfc i»xvni. 


40 .-^t^ndmtio» ^ kafmalt 













^ABT $.] Mimti Pro^liuti^, fl03 


and Bocfi-^netdt in India ivring tka year 1639, 
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Tabij! 41. — Production of Clays in India during the year 1933, 


• 





1933. 


Quantity. 

Value (£1— 

Bs. 13-3). 






Tons 

Rs. 

£ 

Assam • • 

• 

a 

« a 

. 

4,139 

4,140 

311 

Bengal • 

e 

e 

e • 


8,296 

6,249 

470 

Bihar and Orissa 

• 

• 

e e 


32,319 

1,08,650 

8,169 

Burma . 

• 

■ 

• • 


19,365 

23,616 

1,770 

Central India • 

• 

e 

• • 


404 

1,600 

113 

Central Provinces 

e 

• 

« e 


50,424 

25,420 

1,911 

Delhi 

• 

• 

• e 


5,342 

3,038 

228 

Gwalior • 

e 

« 

• • 


462 

1,730 

130 

Kashmir 

e 

• 

e • 

• 

7 

23 

2 

Madras « • 

« 

• 

• e 

e 

12,076 

6,(502 

4it(5 

i 

Mysore . • 

e 

fl 

• « 

e 

70,332 

30,760 

2,313 

Punjab • • 

e 

# 

e • 

• 

25,347 

3,900 

298 

Bajputana • 

• 

• 

• • 

e 

1,489 

2,195 

166 




Total 

t 

230,062 

2,i7,m 

16,382 


Colambife. 


Conindan. 


An output of 100 Iba. of columbite valued at Ks. 60 (£4) was 
reported from the Monghyr district, Bihar and 
Orissa, during 1931. There was no output in 

1932 and 1933. 

The production of corundum in the Salem district, Madras, 
amounted to 30 tons valued at Bs. 2,189 
(£162) in 1930, but there has been no pro- 
duction since. 

There was an output in Ajmer-Merwara in 1933 of 677 tons of 
. felspar valued at Bs. 5,877 (£442), agmnst 

****”* 473 tons valued at Bs. 4,388 (£330) in 1932. 

There was a further increase in the reported' prodnctton of 
fuller’s earth from 4,359 tons in 1932 to 7,257 tons in 1933. The 
inciease was due to a large initial production from 
Kba^ut State, Kad. 


Falter’^ Murih. 
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Table 42 . — Quantity and wdue of Fidkf's Barth produced in India 
during the years 1932 and 1933. 


— 

1932. 

1938. 

Quantity. 

Value (£1-B8. U-3). 

Quantity. 

Value (£l»Ba. 18-2). 


Tuna. 

Rh. 

£. 

Tons. 

Re. 

' £. 

Bombay — 







Hyderabad (Sind) 

789 

13.410 

1,008 1 

i 

088 

14,03.5 

1,055 

Khnirpur State (Sind) 




3.776 i 

1 

(*0 37,700 

2,830 

Central VroeinteB — 



1 




Jubbulporo . • 

19 

93 

7 

35 

221 

17 

Itajputanor-*- 







Hikaner State . 

2,193 


1,105 

1,49i 

10,532 

7l>2 

JalaaliiuT State . 

JO 

180 

14 

17 

191 

14 

Jodhpur State . 

1,342 

10,100 

1 

1,211 

1,260 

16,000 

1,128 

Total 

4,859 


3,t06 

9,867 

77,739 



(o) 


Qaraet. 


In 1933 there was an output of 296 tons of garnet sand valued 
at Bs. 2,960 (£222) in the Tinnevelly district, 
Madras, against an output of 147 tons in the 
previous year of which the value was not reported. 

There was an output of 6*6 tons of graphite in the Kistna district 
of Madras in 1931, whilst 6 tons of graphite 
OrspUie. produced in 1932. There was no recoid- 

ed output in 1933. 

Biere was a marked fall in the output of gypsum from 61,421 
tons valued at Rs. 86,342 (£6,491) in 1932 to 33,142 tons valued at 
Bs. 66,166 (£4,976) in 1933. The principal falls 
Oyptum. Bikaner State, Bajputwia, and the 

Jhelum district, Punjab. 
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TjIlB1£ i^.'-4jmnt‘Uy and vehte of Oypmm produced in India duriny 

the years 1982 and 1933. 


— 


1982. 

1988. 


Quantity. 

Value (£1- 

Kb. 188). 

Quantity. 

y«iiu(£i-B..i8-a). 



Xona. 

Be. 

£. 

Tons. 

Be. 

s. 

Koilmif Slate 

e 

86 

(«) 

• • 

7 

(«) 

• e 

Trtcblnoi>oly . 

• 

75 

820 

62 

08 

1,446 

109 









Jbelnltt mm* 

. 

12,726 

18,160 

088 

6,221 

9,780 

736 

Baj/pakoMr^ 








Bikaner State . 

• 

22,266 

28,065 

2,177 

6,630 

18,832 

1,040 

J^aSaalmer State 

• 

236 

913 

00 

272 

1,088 

81 

jrodbpiii State 

« 

16,000 

42,500 

8,105 

17,000 

40,000 1 

8,008 









AgraGarhwal * . 

• 

8 

4 

•• 

14 

25 

2 

TOXAli 

« 

61,421 

86^8 

a,4W 

88,142 

«e,J69 

4,m 


(a) Not reported. 


The oui^t of kyanite and quartzite and related rocks in Bihar 
and Orissa is becoming increasingly important, partiy for purposes 

of export, and partly for use in India, such as 

* ^or furnace linings at Jamshedpur ; but in 1931 
there was a fall to a quarter of the 1980 output. 
In 1932 and 1933, however, there were again increases. The ^ta 
for 1932 and 1933 which all relate to the Sin^bhum district, except 
for S tons of kycmite produced in A}mer*Merwara, Kajputana in 
11^2 and 17 tons of kyanite from the Mysore State in 1933, are 
assembled in Table 44, from which it will be seen that there has been 
an intacease in total output from 14,173 tons viJued at Bs. 1,34,706 
(£10il03) in 1932 to 19,284 tons valued at Bs. 106,886 (£8,037) 
in 1933. valuable of these materials is Iqranite extracted 

foe escort by the Bid^ Coj^r Corpoiation from Lopso Hill in 
Khazsawan. 
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Tabus , 4A.-—QiiafUily and V(dm of MucdlaMtow S^ioUory Matmals 
produced in Bihar and Oriua dmwg (he years 1932 and 1933. 



Kyantte 

Quarti-mloa-Bcbist 
Quartiite . « 


1082. 

Quantity. 

Value (£1- 

>2U. 13-3}. 

Tons. 

Es. 

£. 

<a) 6,580 

91,227 

6,884 

2,889 

31,098 

2,888 

6,204 

12,861 

981 

14sl78 

i,84,705 

10J03 



4,072 


(tt) indttdes 8 tons of kyanite produced in AJmer-Merwara, Kajputana . 
(6) Includca 17 tone of kyanite produced in Mysore State. 


There was an increase in the production of ochre from 6,237 
tons valued at Bs. 33,110 (£2,489) m 1932, to 11,630 tons valued at 
Odite (£4,678) in 1933. This increase is 

mainly due to Central India, and the Central 
Provinces, the two largest producers. 


Table 45. — Quantity and value of Ochre produced in India during the 

years 1932 and 1933. 



Central Indian 
Central Provinces . 
Owalior 
Madras 
Rajpintana • 
United VMkviaees • 


1932. 

1938. 

Quantity. 

Value (ei-Bs.18'8). 

Quantity. 

ValM(81«Ba.U*S). 

Tons. 

Rs. 

£. 

Tom. 

Kb. 

£. 

1,857 

15,274 

1,148 

5,315 

42,082 

3,164 

8,865 

0,747 

733 

6,118 

11,384 

862 

403 

3,2r# 

240 

382 

2,077 

160 

300 

3,550 

267 

363 

a»i26 

885 

812 

1,262 

95 

318 

1,816 

99 

•• 

•• 

•• 

134 

960 

n 

6.^37 

33, no 


ii»6ao 

90, m 

4,S79 

V • 
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These was an output ol 23 tons of pyrite in i^atiala State, Punjab, 
in 1930. The viJue was not leported. There 
* has been no recorded output since. 


The figures of production of serpentine in the Skardu tahsU, 
KA shmir State, amounting to 1*8 tons valued at Bs. 75 (£6) reported 
for 1930, were identical with those for 1929 
and 1928. The same value has been recorded 
in 1931, but the quantity produced has not been stated. No report 
has been received for 1932 or 1933. 


Serpentine. 


A production of 14*7 tons of soda valued at Bs. 633 (£39) was 
reported from the Ladakh tuhsil, Kashmir State, in both 1929 
and 1930. The output reported for 1928 was 
^ 11 tons valued at Ks. 633 (£40), in 1931, 11 tons 

valued at Bs. 412 (£31), and in 1932, also, 11 tons valued at Bs. 435 
(£33). There was no reported production in 1933. Salt, consisting 
for the greater part of sodium carbonate, sodium bicarbonate and 
sodium chloride, used to be obtained -by evaporation from the water 
of the Lonar Lake, in the Buldana district of Berar, in the Central 
Provinces. It was known under the general name of trom or urao, 
for which there is no suitable equivalent in English. The total 
amount of trona extracted in 1926 wa.s 100 tons, the value of which 
was estimated at Bs. 3,000 (£224) ; as the company working the 
concession went into liquidation there has been no further reported 
production until 1930, for which the output was 100 tons valued at 
Bs. 960 (£70). This is the last recorded production. 


There was a great increase in the production of steatite, which 
rose &om 6,612 tons valued at Bs. 1,29,490 (£9,736) in 1932, to 
17,048 tons valued at Bs. 1,82,964 (£13,767) 
in 1933. This rise was partly due to Jaipur State 
and the Jnbhulpore, Ba^uribagh, and Singhbhuni districts, but princi- 
pally to the United l^vincea with a production increased from 314 tons 
in 1932 to 8,210 tons In 1933 mainly ficom the Hamixpuz district, but 
partly jbnhn the Jhansi district. 
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Table 46. — Quantity and value of (Steatite }troduced in India during the 

years 1932 and 1933. 



Quantity. Vuiao(£lxlU.U*3). 


IHhar and Orissa — 
MayiiibliaiiJ BUite 
Uafeaxibagli 
Singbbhum 
Ceniral India — 
iUJawfir St&te . 
Cardrdl Prosinees-- 
jCabbalpore 
Madras — 

Kellore 

8a]em 

Mysore State 
JSajpiaanar-' 

Jaipur State 
Unibii Provinces— 
Hamlrpor 
Jbansi 



6.612 1 , 29,490 


Until recently, figures of production of ammonium sulphate as 
a byc-product at the coking plants of iron and steel works and col- 
lieries have been collected only every five years 
Sulphate of Ammonia. quinquennial reviews of mineral pro- 

duction. They prove, however, to be of such general interest that it 
has been thought desirable to report them annually, end the figures 
for 1932 and 1933 are shown in Table 47. Values have not been 
obtained, and ammonium sulphate will not therefore find a place in 
Table I. The figures show a small increase in production from 
9,474 tons in 1932 to 9,885 tons in 1933. The exports for these two 
years were 803 tons and 1,313 tons respectively. 

Table —Production of Sulphate of Ammonia in India during the 

years 1932 and 1933. 



The Tate Iron and Steel Co., Ltd. . 
The lion end Steel Co., Ltd. . 
The Bumknr Coel Co., Ltd. . ^ 

The Beet India Bailway ColHeiy, Giridih 
The Bataree Coke Co., Ltd. 


Tons. 

6,904 

2,271 

736 


Tone. 

6,288 

2,172 

1,326 

219 

881 


TOTiL 


f,88S 
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IV.--MINBRAL CONCBSSfONB QRANTBD. 


Tabia of Mimrei Cmoetsima yraated duriny tie ffear 2933, 

AJMEB-MEBWABA. 





Mature 

Area 

Date Of 


Dtotrlct. 

Grantee. 

Mineral. 

of 

in 

oommenee- 

Term. 



grant. 

aeree. 

ment. 


Ajmer # 

(1) lb. Oovodhut Ltl 
SatU,Kittebwl. 

Mica . . . 

P. L. 
(Eenewal). 

8'8 

25th Angmt 

ly«ar. 



1982. 

Do. • 

( 2 ) 111 . M. Ubhamad 
Faill. Ajmer. 

Becykite, Idapar 

P.l. 

20-0 

Uth Match 

Po. 


andqnarta. 



1088. 

Do. • 

(8) lCr.L.FfagNaraln, 

Felipar, china clay 

P.L. 

0-8 

80th Macdl) 

Do. 


Ajmer. 

and mloa. 



1038. 


Do. 

(4) Do. 

Mica and beryl 

P.L. 

1*4 

Do. , 

Do. 

Do. 

(5) Do. 

Do. 

P.L. 

2-8 

8th June 

Do. 





1088. 


Do. 

(6) Meeen. At»did Ghani 
k Co., Kaababad. 

Mica . . . 

P.L. 

20 

20th June 

Do. 

1 

1 

(Eenewal). 


1038. 


Do. 

(7|^llhL.Bii«Vaiaiii, 

Beryl and lelapar • 

P.L. 

(Benewal). 

0*7 

20tb 

1088. 

Do. 

Do. 

(8)Mettn.AMidGJuml 

dtOo.,iraBlMba(l. 

Mka . . . 

M.L. 

5-7 

let Febraaiy 

8 yean. 





1088. 

Do. 

(8) Hr. t, Gotwdhitti 
UlBathl,Ka8iralMKl. 

Do. • . . 

M.L. 

10 

2lBt Septem* 
her 1018. 

Do. 

Do. 

(10) Mr. L. Kanhiya 
Xrfd, Kaelrabad. 

Do. . . . 

M. L. . . 

80*0 

16th Bantem* 
becloS. 

Do. 

Beewer 

(U) ]b.D.PfagNaraUi, 

Do. . . . 

P.L 

6*8 

2 ad f ofaniary 

lyear. 


Ajmer. 


1 


1038. 


ASSAM. 


Caohar 

(Ml 

Mineral oU 

P. L. 


167*4’ 

lat Movembtf 
1088. 

2y«ira, 

Do. 

(18) The Bormah Oil 

Do. 

P.L. 


8,160*6 

60i AprU 

lyeer. 


Co., Ltd. 





1038. 

Do. < 

(14) Do. 

Matnral petroleom . 

P. L. 

• 

8,001*6 

12th April 
1088. 

Do. 

Do, 

(15) Do. 

Do. 

P.L. 


£,070-8 

1st June 

Do. 





1083. 


lakhlmpur . 

(18) The Aiiam 08 
Co.. Ltd. 

Petroleam 

P.L. 

• 

5,120*0 

SOHi Ibtdi 

less. 

Do. 

Do. . 

(17) Do. 

Do. 

P.L. 

• 

8,968*0 

Un Ibqr 

Do. 




loss. 


Do. * 

m ]>3> 

Do. • ■ 

P.L. 


1.910*6 

•Hh tuuvm 

nicb 
4400 fi 8 

Do. , 

m 

Do. 

P.L. 

* 

981*8 

%. 

OMBd. 


f,t,mproliipmfyigl4e^. yi Je,m MiMfi0 Zem, 









8 .] 811 


iUi8All-^«M<(I. 


IMHct. 

Cfrautea. 

RS9I 

Nature 

el 

grant. 

Area 

In 

acres. 

Date of 
commence* 
ment. 

ittiii. 

LakhtflqMir . 

(M) Tbs Ahaid OU 
Oo., Ltd. 

Petroleum 

• • 

P.L. 

600-7 

tlttDMitmMr 

1030. 

lyear. 

Do. . 

(21) Do. 

Do. 


• 

P.L. 

8.0100 

8th October 
1982. 

2 yea^. 

Hylhet 

Ih|i^ lianuah Oil 

lUneial oil 

• 

P.L. 

3,1300 

3td Iby 

1083. 

1 year. 

Do. 

(23) Du. 

Do. 

• 

P.L. 

2,8Gl‘e 

8rd September 
1938. 

2 years. 

Do. • 

(24) Do. 

1)0. 

• 

P. L. 

0,306-« 

Ist October 
1933. 

Do. 

V. 



BALUCHISTAN. 




Ealat 

(25) Mr. h\ B. Patel, 
8t. John Steam MUIa, 
Quetta. 

Coal 

• 

• 

P.L. . 

1,280 

9th October 
1033. 

1 year. 

Do. 

(2^ Mulllck WUayet, 
Hwsaiu, Shahrlg. 

Do. 

• 

• 

P.L. 

1,440 

0th November 
1933. 

Du. 

Do. 

(27) P. Nanak Chand 
Ctkoonl, Mohalla Ham- 
garb, Quetta. 

Do. 

• 

• 

M. L. 

iOO 

1st July 1033 

80 years. 

Do. 

(28) Do. 

Do. 


. 

M.L. 

90 

Do. 

Do. 

Do. 

(29) Do. 

Do.. 

. 

. 

M.L. 

80 

Do. 

Do. 

Quetta- 

Pishln. 

(80) Mian Muhammad 
Ismail, Mohalla 

Islamabad, Quetta. 

Do. 

• 

• * 

M.L. 

150 

let January 
1933. 

Do. 



BIHAR 

AND ORISSA 

. 



llMarlbagh 

(81) BabkM. K.Hoy . 

1 SUlbnatilte, kyaolto 
and abrasive gar- 
net. 

P.L. 

512 

15th Decembei 
1983. 

f lyear. 

Yantai Par* 

gAIUUI. 

(8^ Babu Baosl Ram 
Marwarl. 

Coal 


• 

M.L. 

10 

1st April 

1983. 

2 years. 

Do. 

(8^ Babn Qauga Ham 
Marwarl. 

Do. 


• 

M. L. 

1-8 

Do. 

Do. 

Do. 

m Baku Subodh 

Chandra Boy. 

Do. 


• 

M.L. 

50 

Do. 

Do. 

Do. 

(86) Do. 

Do. 


. 

M. L. 

10 

Do. 

Do. 

Do. 

(10) DO. 

Do. 


. 

M.L. 

1-9 

. Do. 

Do. 

Do. 

(S^^^bu Hem Chandra 

Do. 



M.L. 

22 

Do. k 

1V.0. 

Do. 

(88) Babu Banil Bam 
Bbtfwarl. 

Do. 


• a 

1I.L. 

10 

tt. . 

Do. 

Do. . 

(80) 

Do. 


• 

K.t. . 

‘ . 

60 

Do. . 

Do. 
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District. 

Grantee. 

Mineral. 

Nature 

ol 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

Term. 

Santal Par- 
ganas. 

(40)Babu Baosi Knm 
Hatwarl. 

Coal . . . 

M.L. 

50 

M Ai»U 

1A83. 

2 years. 

Do. 

iil) Do. 

Do. . . . 

M.L. 

50 

Do. . 

Do. 

Do. 

(42) Do. 

Do. . . . 

M.L. 

5-0 

Do. 

Do. 

Do. 

(43) Do. 

Do. . . . 

M. i. 

0-8 

Do. 

Do. 

Do. 

(44) Do. 

Do ... 

M.L. 

50 

Do. 

Do. 

Do. . 

(^fjtobn Kamawar 

Do. . . . 

M.L. 

2‘2 

Do. 

Do. 

Do. 

(4Q Babu Bans! Bam 
iCarwari. 

Do. . . . 

M.L. 

1-9 

Do. 

Do. 

SioghbhuDi . 

(4D Baba Soshll 

K.umar. 

Chromite 

P.L. 

204-8 

3rd May ms 

lyear. 



BOMBAY. 




Delgaum . 

(48) IfeastB. Daldiand 
Bahador Singh, 

Calcutta. 

Bauxite . * 

f 

Chromite 

P.L. 

558 

11th Jniy 

m3. 

Syuars. 

llatnaKlci . 

(48) Messrs. Oaldey 
Duncan A Co., Ltd., 
Bangalore. 

P.L. 

1,280 

let January 
1888. 

1 year. 



BURMA. 




Akyab 

(50) M 0 B a r a . T h e 
Btirmah01lCo.,Ltd. 

Natural petroleum 
(Including natural 
gss). 

P. L. 

7,064-4 

2nd November 
1032. 

2 years. 

Do. 

(51) Do. 

Do. 

B.t. 

(RMWval). 

2,844-0 

18th April 
1833. 

1 year. 

Do. 

(52) Messrs. The Indo- 
Banna Petcoleam Co., 
Ltd. 

Do. 

P.L. 

(Bouewal). 

1,177-0 

22nd April 
1083. 

7 mouths 
and 28 

days. 

Amherst . 

(58) Mr. Yee Ho Koon 

All miuorals except 
oil. 

P. L. 

040-0 

20th April 
1888. 

.1 year. 

Do. 

(54) Mr. Bhart Singh . 

Do. 

P.L. 

820-0 

27Ui October 
1888. 

DO. 

Do. 

(55)Mr.8awVaHQh» 

Do. 

P.L. 

1,820-0 

IBth December 
1888. 

Do. 

Do. 

(65)UOhiiPe . 

Do. 

P.L. 

(Beoewal). 

040-0 

6th Vebmary 
1988. 

Do* 

l40wer CUdA* 
win. 

(57) Messrs. The ludo- 
Burma Petroleaiii 
Co., Ltd. 

Natural petroleum 
(indttding natural 
«M). 

P.L. 

(Benowei). 

8,187-2 

^ith Septom* 
l«rl8M. ' 1 

■ I 

Do. 

1 

Magwe 

(58) Mr.B.C.P.Clamp- 

m.. 

Copper, gold, silver 
and aUlM minerals. 

P.L. 

820-0 

lOih April 
1883. 

1 years. 
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District. 

Oranteo. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Bate of 
commence- 
ment. 

Term. 

Ifngwe 

Bo. 

(50) Mesars. The British 
Burinah Petroleum 
Co., Ltd. 

(50) Bo. 

Copper, gold, silver 
and allied minerals. 

Do. 

P. L. 

P. L. 

i6,seoo 

19th Septem- 
ler 1033. 

11th April 

1033. 

2 years. 

Do. 

Do. 

(01) Messrs. The 
Bunnah Oil Go., 
Ltd. 

Do. 

M.L. 

1,2800 

1st July 1933 

30 years. 

1)0. 

(02) Do. 

1)0. 

P.L. 

(Bcncwal). 

4030 

17th April 

1933. 

1 year. 

1)0. 

(03) Bo. 

J^Atiiral liotroleum 
(including natural 
gas). 

P.L. 

(Benewal). 

000-0 

2nd Soptem- 
her 1033. 

Bo. 

Mcrgul 

(04) lb. Ah Khooii . 

Tin and allied mine- 
rals. 

P. L. 

.51-2 

9Mi Jtinnnry 
1933. 

Bo. 

Bo. 

(05) Bo. 

All minerals except 
mineral oil. 

P.L. 

020-8 

10th May 

1933. 

Bo. 

Bo. 

(00) Mr. Kapur Hln^li . 

Till and allied niliie- 
rala. 

P. L. 

140-S 

12th August 
1933. 

Bo. 

Bo. 

(07) Mr. Gul Mahomed 

Tin and wolfram 

P, h. 

371-2 

7tli February 
1933. 

J)<>. 

Bo. 

(08) Mr. Leslie B. Beale 

Tin and allied mine* 
rals. 

P.L. 

505-0 

28th February 
1038. 

Bo. 

Do. 

(09) Mr. Saw Lein Lee 

Do. 

P.L. 

1 448-0 

19th January 
1933. 

Bo. 

Bo. 

(70) Mr. Ah Khoon . 

Tin-ore . . . | 

P. L. 

44-8 

Slst October 
1933. 

Bo. 

Bo. 

(71) Mr.TanToikAik 

Tin . . . 

P. L. 

1,049-6 

23Td January 
1933. 

Bo. 

Bo. 

(72) Maims Seln Shan 

Bo. . . . 

P.L. 

839-2 

7th Septem- 
ber 1038. 

Bo. 

Bo. 

(7^ Mr. Leong FoKo 
Hye. 

Tin and wolfram 

P. L. 

208-8 

6th Marbh 
1933. 

Bo. 

Bo. 

(74) Mr. A. B. Alimad. 

Bo. 

P.L. 

211-2 

19th April 
1083. 

Bo. 

Bo. 

(75) Mr. Udbanders . 

Tin and other mlherah 

P. L. 

275-2 

11th Septem- 
ber 1983. 

Bo. 

Bo. 

(70) Mr. Ool Kwee Ya 

Tin-ore . 

P.L. 

198*4 

25th April 
^ 1033. 

Bo. 

1)0. 

(77) IJ San Bun 

Do. . . . 

P.L. 

339*2 

25th October 
1933. 

Bo. 

Bo. 

(78) Bo, 

Bo. . 

P. L. 

70-4 

27th April 
1038. 

Bo. 

Bo. 

(70) Mr. A. Holloman . 

Tin and allied mine- 
rals. 

P. L. 

422-4 

7th A^n 

1938. 

Do. 

Do. 

(89) Mr.Oulktahameil 

All ininerAls . 

P. L. 

377'6 

j 

5th April 

10:13. • 

Bo* 


V* Protpeditig Liem$* H. L. •> 
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i 

Didtifflt. 

Ori&teO. 

Mlnetal. 

Nature 

of 

grant. 

Area 

in 

acres. 

Dateot 

commence- 

ment. 

Term. 

Xeigul 

(81) Kr.A.S.l£ataomed 

Tin, woUnun and 
allied mlneEali. 

1 

P. L. 

339*2 

2nd June 1933 

1 year. 

Do. 

(82) tlSuiDua 

lla . . . 

P.I.. 

140*8 

3l8t May 

1838. 

Do. 

Do. 

(88) Mr. In Sit Yan . 

Tin and other inine- 
rate. 

P. L. 

294*4 

13th May 

1088. 

Do. 

Do. 

(84) Ma Hta Shwe 

Tin . . . 

P.L. 

307*2 

23rd June 
1033. 

Do. 

Do. 

(85) Mr. A. fi. Ahmod 

Tin-ore and allied 
ndneralB. 

P.L. 

248*2 

5th June 1933 

Do. 

Do. . 

(86) itr. Tan Talk Aik 

Tin 

P.L. 

217*6 

15th May 

1933. 

Do. 

Do. 

(8^ Mr. Leong Foke | 

Tin and >^' 0 lfram 

P.L. 

826*4 

5th June 1988 

Do. 

Do. 

(88)li:aa'in 

Tin and allied mine- 
rals. 

P. L. 

153*6 

2l8t Jnly 

1933. 

Do. 

Do. « 

(80) MMnSltYan . 

Tin and other mine- 
rals. 

P. L. 

108*8 

Sth April 1S33 

Do. 

Do. 

(00)MaTin . 

f 

Tin and allied mine- 
rals. 

P.L. 

192*0 

28th June 
1933. 

Do. 

Do. 

(81) Maniiff Hlaing Pu 

Tin-ore . 

P.L. 

882*0 

84th June 
1933. 

Do. 

Do. • 

(82) V San Dim 

Do. . . • 

P.L. ‘ . 

688*8 

25th October 
1833. 

Do. 

Do. 

(88)MaHte8bwe . 

Do. . 

P.L. 

396*8 

26tih June 
1033. 

Do. 

Do. 

(84) Mr. GolMahomad 

Tin and allied mine- 
rate. 

P. L. 

581*2 


Do. 

Do. 

(85) Mr. Tan Boon Hein 

Tin-ore . 

P. L. 

140*8 

'84th August 
1033. 

Do. 

Do. 

(86) Mr. in Sit Yan . 

Tin and other tnlne- 
mls. 

P.L. 

268*8 

2nd June 1938 

Do. 

Do. 

(87) Mr. John T. Doupe 

Tin and allied tuiue- 
n^. 

P. L. 

108*8 

6th Sbptem- 
bet 1933. 

Du, 

Do. • 

(88) Mr. P. B. 0. Wat- 
eon. 

Uo. 

P.L. 

108*8 

8iid August 
1033. 

Do. 

Do. 

(6AMr. lieong Foke 
fiye. 

1)0. 

P. L. 

614*4 

27th Septem- 
ber 1833. 

1)0. 

Do. 

(186) V San Don 

Tin-ore . 

P. L. 

211*2 

80th Septem- 
ber 1833. 

1 Do. 

i 

Do, 

(101) U Kyatag . 

Tin and allied mine- 
rals. 

P. L. 

n 

441*6 

» «.• 

let December 
1688 . 

Do. 

Do. • 

OMtg. ▼. 

Tin-ore • . • 

P.L. 

556*8 

”X 

Do. 

DO. 

a. 

1 attd. 

fMfram .toA .otb« 

P.L. 

746*8 

tw— * 

Do. 


K MoeMh 
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District. 

Gra&toe. 

Mineral. 

Nature 

of 

grant. 




Hurgui 

(104) Mr. A. S. Maha- 
mad. 

Tin and other (UUed 
metals. 

P. L. 


640-0 

17th July 

1033. 

1 year. 

Do. 

(105) Maung Hlotng 
Vu. 

Tin-ore . 

P. L. 


275-2 

18th August 
1933. 

Do. 

Du. 

(lOS) UanogChttPo . 

Do. . 

P. I. 


595-2 

10th Septem- 
ber 1933. 

Do. 

Do. 

(107) Ida Tin . 

Tin and allied mine- 
rals. 

P. L. 


lOd-d 

14th October 
19.33. 

Do. 

Do. 

(108) ICr. lesUe R. 

Tin and allied mine- 
rals. 

P. L. 


582*4 

30tti Srptem- 
ber 1933. 

Do. 

Do. 

(100) ab.ntaShve . 

All minerals except 
oil. 

P.L. 


345-6 

25th Septem- 
ber 1033. 

Do. 

Do, 

(110) U San Dun 

Tin ... 

P. L. 


1,132-8 

27th Septem- 
ber 1938. 

Do. 

Do. 

(111) Mr. At) Shoo . 

Tin and allied mine- 
rals. 

P. L. 


236-8 

18th Octol)er 
1933. 

Do. 

])0. 

(112) Mr. A. 8. MMki- 
mcd. 

Do. 

P.L. 


326-8 

0th Septem- 
ber 1033. 

Do. 

Do. 

(113) Maung Chit Te . 

Tin . . . 

P. L. 


185-6 

17th Novem- 
ber 1933. 

Do. 

Do. 

(114) Mr. Tan Shu En. 

Tin and allied mine- 
rals. 

P. L. 


320-0 

13th Septem- 
ber 1933. 

Do. 

Do. 

(115) Mr. A. Uellcman 

Do. 

P. L. 

• 

76-8 

I7th Novem- 
ber 1933. 

Do. 

Do. 

(116) Mr. Soon Ka . 

Tin . . . 


1 

377*6 

5th December 
1933. 

Do. 

Do. 

(117) Mr. Tan Salng 
Shin. 

Do. . . . 

1 


1 

185-0 

13th Septem- 
ber 1933. 

Do. 

Do. 

(118) Mr. Eu Gwan 
Kyin. 

Do. . . . 


1 

108*4 

18th Novem- 
ber 1933. 

Do. 

#Do. 

(119) Mr. Ah Yee 

Do. . . . 

P. L. 


352-0 

20th October 
1033. 

Do. 

Do. 

(120) Mr. A. S. Maho* 
mcd. 

Tin, wolfram and 
other allied mine- 
rals. 

Tin-ore . 

P. L. 


771-2 

2lBt Novem- 
ber 1933. 

Do. 

Do. 

(121) Mr. Eng Tain 
Leong. 

P.L. 


108-4 

25th October 
1033. 

Do. 

Do. 

(122) Mr. George W. 
Bowden.' 

Tin and all nUnoiiils 
except coal and oil. 

P. L. 


320-0 

30Ui Septem- 
ber 1033. 

Do. 

Do. 

(128) Do. 

Do. 

P.L, 


608-0 

17th August 
1033. 

r 

Do. 

Do. 

(124) Mr. Tan Shuo En 

Tin and allied mine- 
rals. 

P. L. 


307-2 

28th Novem- 
ber 1033. 

Do. 

Do. 

(126) Mr. Tan Telk Aik 

Tin . . . 

P.L. 


876-8 

22nd August 
1933. 

Do, 

Do. 

(126) Maung Kyin 

Halng. 

Tin and allied mine- 
nls. 

P.L. 


544-0 

0 th December 
1933. 

Do. 


P. L^^^ProtpeeUng Xieenii, U. lme» 
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Dltttriot. 

Gra&teo. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
oommence- 
mont. 

Term. 

Mcrgul 


(127) iav Maong Po . 

Tin . . . 

P.L. 

147-2 

22nd Deoem- 
hcr 1933. 

lyear. 

Do. 


(128) Do. 

Do. ... 

P.L. 

898-8 

Do. . 

Do. 

Do. 


(129) ICr. A. S. ]ICalio- 
med. 

Tin and allied ralne- 
rab. 

P.L. 

260-0 

16th Docem* 
botim. 

Do. 

Do. 


(180) Hr. Leslie E. 
Beale. 

Do. 

P.L. 

217-6 

16th Novem- 
ber 1083. 

Do. 

Do. 

* 

(181) Hr. Leong Poke 
Hye. 

Do. 

P. L. 

390-4 

14ih DeMnh 

her less. 

Do. 

Do. 


(182) Hr. Eu Gwan 
Kyin. 

Tin-ciro . 

P. L. 

211-2 

IStb Novem- 
ber less. 

Do. 

Do. 


(183) U. e! Gyl . . 

Tin and allitMl mine* 
rab. 

m.l. 

102-4 

let August 
1933. 

30 years. 

Do. 


(134) Hr. Eng Tain 
Leong. 

Tin-ore . 

M.L. 

70-4 

Ist April 1033 

Do. 

Do. 


(136) Mr. E. HuxwgII 
Lefroy. 

Tiu-ore and allied 
minerab. 

M.l. 

390-4 

Ist October 
1933. 

Do. 

Do, 


(180) Hr. Lira Ob 
Ohlno. 

Tin and allied rainc- 
rab. 

r. L. 

(Itoiiewal). 

I.IIS-C 

18tl) January 
1933. 

1 year. 

Do. 


(137) U Po Tlmlk . 

Tin and woUram . 

P. L. 

(Renewal). 

160-0 

2nd February 
1933. 

Do. 

Do. 


(138) kir. G. H. Hand . 

Gold, tin and allied 
minerals. 

P. L. 

(Renewal). 

390-4 

20th February 
1938. 

Do. 

Do. 


(130) Hr. I^cong Poke 
Hye. 

Tin and woUram . 

P.L. 

(Renewal). 

384-0 

18th AprU 
1933. 1 

Dc. 

Do. 


(140) Hanng Scln Shan 

Tin and allied mine* 
rab. 

P.L. 

(Renewal). 

384-0 

17th Hareh 
1933. 

Do. 

Do. 


(141) Mr.P. WiOiYu . 

Do. 

P. L. 

(Renewal). 

480-0 

Do. 

Do. 

Do. 


(142) U E Qyl . 

Do. 

P.L. 

(Renewal). 

108-4 

19ih March 
1933. 

Do. 

Do. 

‘1 

(148) Hr. Eng Tain 
Leong. 

Do. 

P.L. 

(Renewal). 

192-0 

26tb March 
1933. 

Do. 

Do. 


(144) U San Dun 

Tin 

P.L. 

(Renewal). 

486-4 

nth April 
1033. 

Do. 

Do. 


(145) Hr. Kapur Singh 

Do, . • . 

P.L. 

(Renewal). 

889-6 

7th May 1033 

Do. 

Do. 


(140) U San Dun 

Tin and allied mlne- 
1 rab. 

P.L. 

(Renewal). 

140-8 

1 

nth Hay 1083 

Do. 

Do. 


(147) Mr. Leong Pcdce 
Hye. 

Tin, wolfram and 
other allied mine* 
rab. 

P.L. 

(Renewal). 

281-0 

14tli Hay 1038 

Da 

Do. 


(148) Hanng HlaingPu 

Tin and allied mine- 
rab. 

P.L. 

(Renewal). 

230-4 

Ist July 1983 

Do. 

Do. 


(t4#) Do. 

Do. 

P. L. • 

(Renewal). 

168-6 

Do: • 

Do. 


1*. L. ^Proifeeting lAmw, M. L, Mining Detfte. 
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Gnateo. 

Uteial. 

Nature 

of 

grant. 

Area 

In 

acres. 

Data of 
commence- 
ment. 

Term. 

Hergul 

(IM) Ur. M. Hudff . 

Tin and allied mine- 
rals. 

P.L. 

(Kenewal;. 

248-2 

1st July 1 O 33 

1 year. 

Do. 

(151) Mavni lOalDg Pa 

Do. 

P. L. 

(Bonowal). 

36g-4 

13Ui July 

1983. 

Do. 

Do. 

(162) UPoTIulk . 

Tin . . . 

P.L. 

(Bcnewal). 

605-2 

loth August 
1988. 

Do; 

Do. 

(163) 3lx. UdhMidiu . 

Tin and allied mine- 
rals. 

P.L. 

(Benewal). 

467-2 

16th August 
1033. 

Do. 

Do. 

(164) Ur. B. Abmed . 

Do. 

P. L. 

(llencwal). 

275-2 

24tli August 
1833. 

Do. 

Do. 

(165) Mr. Udhandaa . 

Do. 

P.L. 

(Eenowal). 

550-4 

21st Se])tem- 
ber 1083. 

Do. 

Do. 

(166) Do. 

j 

Do. 

P.L. 

(Renewal). 

211-2 

14th Septem- 
ber 1083. 

Do. 

Do. 

(167) 1)0. 

Do. 

P. L. 

(Renewal). 

422-1 

Do. 

Do. 

Do. 

(168) Mr. Ku OwKn 
Kyln. 

Do. 

P. L. 

(Renewal). 

691-2 

16lh Fleptem- 
her 198.8. 

Do. 

Do. 

(159) Mr. Eng Tain 
Leong. 

Tin-ore . 

P. L. . 1 

(Renewal). 

179-2 

291 h Oetoher 
19.83. 

Do. 

Do. • 

(160) Meears. The Mala- 
yan and General Trust, 
Lid. 

Do, . . . 

P. L. 

(Renewal). 

179-2 

2r)th July 

1033. 

Do. 

Do. 

(161) Mr. Ah KhooB . 

Do. . , . 

P. L. 

(Renewal). 

76-8 

26th Septem- 
ber 1938. 

Do. 

Do. 

(162) Mr. Nell Clow . 

Do. . . • . 

P. L. 

(Renewal). 

1,587-2 

4th Novei-i- 
berl983. 

Do. 

Do. 

(163) Mr. Chan Kco . 

All minerals except 
oU. 

P.L. 

(Renewal). 

576-0 

16th Septem- 
ber 1933. 1 

Do. 

Do. 

(164) Mr. Tan Boon 
Hein. 

Tin-ore . 

P. L. 

(Renewal). 

102-4 

4th Norem- 
berI933. 

Do. 

MlnlHi 

(166) U Soe Theta 
(Twlnsa). 

Natural petroleum 
(ihohidtag natural 
gto), coal and other 
minerals. 

P.L. 

1,280-0 

26th October 
1933. 

Do. 

Do. 

(166) Messrs. The Bur* 

nab on 06., ltd. 

Natural petroleum 
(taolndlng natural 
gt8). 

P.L. 

80-0 

loth May 1933 

Do. 

Mylogyan . 

(167) Messrs. The Ye* 
aaain^g OUI^ 

SoauQcm Xxtcnslon 

Do. 

P.L. 

(Renewal). 

1,280-0 

27tb Septem- 
ber 1033. 

Do, 


— <ii^aaDgvil| 

Ltd. 




t 


Do. . 

:i68)Dr,A.W.O.BIeeck 

Do. 

P. L. 

(Renewal). 

640-0 

16th January 
1933. 

Do. 

Myltkylna . 


Gold and platinum • 

P.L. 

1,600-0 

20th July 1933 

Do. 

Do. 

■Bi 

Do. 

P.L. 

1,600-0 

3rd August 
1083. 

Do. 




Liceiitd, 
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DIstarIct. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
oommence- 
ment. 

Term. 

MyltkylSii 

• 

(171) HeMTS. A. H. 
]IllesaadT.t.WUlaii 

Gold and platinum. 

P. L. . . 

1,000-0 

3rd Angiwt 
1083. 

lyear. 

ICcfflhfini 

Shan 

States. 


(ITS) Messrs. The 

Burma OffporaUon, 
Ltd. 

All minerals 

• 

P.L. 

2,467'3 

16th Vebniaiy 
1988. 

Do. 

Do. 

• 

(173) Mr. A. B. Obet* 
iMder. 

Lend and sUver • 

P.L. 

1,680 0 

4th Mardi 

1083. 

Do. 

Do. 

• 

(174) Hkon Pan Sing, 
Sawbwa of Tawng- 
peng. 

All minerals 

. • 

P.L. 

640-0 

3rd August 
1933. 

Do. 

Do. 

• 

(175) Do. 

Do. 


P.L. 

460-0 

Do. 

Do. 

Do. 

a 

(170) • Do. 

Do. 


P.L. 

640-0 

Do. 

Do. 

Do. 

• 

(177) Do. 

Do. 


P. L. 

1,260-0 

Do. 

Do. 

Do. 


(178) Do. 

Do. 


P. L. 

0400 

Do. 

Do. 

Do. 


(179) Do. 

Do. 


P.L. 

1,280-0 

Do. 

Do. 

Do. 

« 

(180) Do. 

Do. 


P. L. 

640 0 

Do. 

Do. 

Do. 

• 

asi) Do. 

Do. 


P.L. 

1,280-0 

Do. . 

Do. 

Do. 

a 

(162) Do. 

Do. 


P.L. 

800-0 

Srd Novem- 
ber 1038. 

Do. 

Do, 

• 

(183) Mr. A. B. Uhcr- 
lander. i 

Lead, silver, sine and 
copper. 

M.L. 

820-0 

Ist Decmber 
1933. 

80 years. 

Do. 

• 

(184) Messrs. Tlio 

Burma Corporation, 
Ltd. 

Iron-ore • 


M. L. 

37-7 

16th January 
1933. 

Do. 

Pakokku 

• 

(185) U. Myat San . 

Natural petroleum 
(lnclud!ng natural 
gas). 

P. L. 

102-4 

23rd Pebruary 
1938. 

2 years 

Do. 

• 

(180) Messrs. The Bu^ 
mab Oil Company, 
Ltd. 

Do. 

• 

P.L. 

164-0 

14ih Decem- 
ber 1083. 

Do. 

Do. 

• 

(187) Do. 

Do. 

• 

P.L. 

(Benewal). 

S20-0 

24tb AprU 
1938. 

1 year. 

Salween 

• 

(188) Daw Hta Shwe . 

All minerals 
mineral oil. 

except 

P.L. 

640-0 

1st September 
1988. 

Do. 

Southern 

Shan 

States. 


(189) Mr. B. 0. M, Gar- 
rett. 

Do. 

• 

P.L. 

6,246-4 

20th Septem- 
ber 1983. 

Do. 

Do. 

• 

(190) Do. 

Do. 

• 

P.L. 

3,828-0 

80th October 
1088. 

Do. 

Do. 

• 

(191) Mr. Abdul Haq . 

Wolfram. 

• • 

P.L. 


12th Decem- 
ber 1088. 

Do. 

Do. 

• 

(102) Mr. E.O.M. Gar- 
rett. 

AH minerals 
mineral oil. 

except 

P.L. 


20th February 
1988. 

Do. 

Do. 

mm 

(198) Do. 

Do. 

a 

P. L. 

(Benewal). 

960-0 

12th October 
1083. 

Do. 


V*t,'"Pr9$pedkig Lkem. Lem, 
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Dbtrlot, 

Granti«. 

Mineral, 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
eommenue- 
ment. 

Term. 

Sonthern 

Shnn 

Stihtci. 

Do. 

(104) Mr. D. C.M.Gar- 
zetit. 

(195) Do. 

All minerals except 
mineral oil. 

Do. 

P.L. 

(Renewal). 

P.L. 

(Renewal). 

7040 

12-8 

20th Septem- 
ber 1038. 

20lli March 
1933. 

1 year. 

Do. 

Thaton 

(106) U. Tha Htu . 

All minerals except 
oil. 

P. L. 

669'G 

28th Septem- 
ber 1938. 

Do. 

Do. 

(197) Do. 

Do. 

P.L. 

040-0 

Do. 

Do. 

Do. 

(108) Mr. A. J. Beale . 

Do. 

P. L. 

092-0 

17th October 
1933. 

Do. 

Do. 

(199) Mr. B. U. Fer- 
nandez. 

Do. 

P.L. 

486-4 

17th June 

1933. 

Do. 

Thayfttmyo. 

(200) Menrs. Tlie 

Indo-Buima Oil Fields 
.(1020), Ltd. 

Kaiural petroleum 
(including natural 
gas). 

M. L. 

320-0 

8th March 

1983. 

30 years. 

1)0. 

(201) Mr. W. B. Smith 

Do. 

P. L. 

(Renewal). 

108-8 

16th August 
1032. 

1 year. 

Do. 

(202) Messrs. The 

Irrawaddy Petroleum 
OU Syndicate, Ltd. 

Do. 

P.L. 

(Renewal). 

320-0 

5th October 
1932. 

Do. 

Do. 

(203) Messrs. The 

Burmoli Oil Co., Ltd. 

Do. 

P.L. 

(Renewal). 

1,676-8 

7th January 
im. 

Do. 

Do, 

(204) Do. 

Do. 

P. L. 
(Renewal) 

2,240-0 

23rd March 
193? 

Do. 

Do. 

(205) Do. 

Do, 

P. L. 

(Renewal). 

2,467-6 

30th June 

1033. 

Do. 

Tavoy 

(206) Mr. Lfm Toe Yin 

Tin and wolfram 

P.L. 

640-0 

26th April 

1933. 

Do, 

Do. 

(207) Mr. D. 11. Bowrio 

Do, 

P.L. 

640-0 

let March 

1033. 

Do. 

Do. 

(208) Mr. H. Q. Gregson 

Do. 

P. L. 

67-6 

16th June 

1933. 

Do. 

Do. 

(200) Mr. Quail Cheng 
Uuan. 

Do. 

P.L. 

240-0 

23rd January 
1933. 

Do. 

Do. 

(210) Messrs. The 

Consolidated Tin Mines 
ol Burma, Ltd. 

Do. 

P.L. 

25G-0 

2l6t January 
1933. 

Do. 

Do. 

(211) Mr. C. Soo Don 

Do. « 

P.L. 

204-8 

^16th June 

1933. 

Do. 

Do. 

(2U; Mr. H. G. Gregson 

Do, 

P.L. 

88-4 

3rd April 

1033. 

Do. 

Do. 

(218) Mr.Tehlure . 

Tin and allied 
minerals. 

P.L. 

403-2 

28th February 
108$. 

Do. 

Do. 

(214) Mr. Quah Hun 
Cheong. 

All minerals except 
oil. 

P.L. 

820-0 

Do. . 

Do. 

Do. 

(215) Mr. H. G. Giegioo 

Tin and wolfram . 

P.L. 

140-8 

28th Api0 
1983. 

Do? 
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Dlitrlce, 

' i 

1 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence- 
ment. 

Term. 

Tavoy 

(216) Meeara. The 

Tavoy Ttn Dredging 
Coiporstlon, I(td. 

Ah mlnorale 
than oil. 

other 

P. I. 

306-8 

17th January 
1033. 

1 year. 

Do. 

(217) Ur. V. i. Boss 
Sutherland. 

Tin and 
inlnerals. 

•Died 

P.L. 

121-0 

6th June 

1033. 

Do. 

Do. • 

(218)DawTbt . 

AU mlnerale 
oil. 

except 

P. L. 

060-0 

22na May 1033 

Do. 

Do. 

(210) Ur. Qoah Hun 
dieong. 

Do. 

• 

P.L. 

268-8 

22u(l April 
1933. 

Do. 

Do. 

(220) Mr.TdiliiiPo . 

Do. 

• 

P. L. 

460-8 

28th Fcbniary 
1033. 

Do. 

Do. 

(221) Do. 

Tin and allied mine- 
rals. 

P. L. 

1280 

loth Aixrll 
1033. 

Do. 

Do. 

(22aMtr. Chan Kce . 

Do. 

• 

P. L. 

428-8 

20th May 1083 

Do. 

Do. 

(223) Mr. C. Soo Don . 

AH minerals 
oil. 

except 

P.L. 

813-6 

15th June 

1033. 

Do. 

Do. 

(224) i; In JJyo 

Do. 

• 

P.L. 

704-0 

10th April 

1033. 

1 Do. 

Do. 

(225) Mr. H. G. cfregaon 

Do. 

. 

P. L. 

1»0880 

3rd July 1033 

Do. 

Do. 

(m) Hr. TMi J^o a . 

Do. 

. 

y.jj. 

1.216-0 

5th Jnne 1083 

Do. 

Do. 

: (227) Do. 

Do. 

1 

i 

• 

P.L. 

1,472-0 

IRth August. 
1933. 

Do 

Do. 

(228) Mr. Chan Kee . 

Tin and wolfram . 

P. L. 

640-0 

3rd July 1033 

Do. 

Do. 

(229) Mr.Tdil^uPo .| 

Do. 

. 

P. L. 

1, 088-0 

20th July 1033 

Do. 

Do. 

(280)ULiiHyo 

All minerals except 
611. 

P.L. 

640-0 1 

2Ut Septem- 
ber 1933. 

Do. 

Do. 

(281) Mr. Chan Kee . 

Do. 

• 

P.L. 

607-6 

24th July 1083 

Do. 

Do. 

(232) U Saw Pe . 

Tin and wolfTam . 

P.L. 

3.660-0 

Srd Septem- 
ber 1063. 

Do. 

Do. 

(23a)VLaKyQ 

AH minerals 
oU. 

except 

P.L. 

428-8 

2lBt Septem- 
ber 1083. 

Do. 

Do. 

(234) Mr. Chan Kee . 

Do. 

• 

P. L. 

640-0 

3rd August 
1038. 

Do. 

Do. 

(236) U Ohn Kyun . 

Wolfram ore 

• • 

M.L. 

06-0 

15th Novem- 
ber 1032. 

30 years. 

Do. 

(286) Do. 

Tlb-ore . 

« « 

M.L. 

163-6 

Do. 

Do. 

Do. 

im Dp. 

Do. • 

■ • 

M.L. 

88-2 

let May 1033. 

Do, 

Do. 

(28^Mr.H.O.Gieg>on 

!Efn and wolfram 

M.L. 

184-4 

Ist February 
1083'. 

Do. 

Do. 

^CnLilSiSiytlSSi 
of Buna*, Lt4. 

Do. 

• 

H.L. 

61-2 

Ist August 
1983. 

Do, 

Do. 


Do. 

• 

P.L. . 

(Benewal). 

l,816-0 

8nd Jaimafy 
1938. 

1 year. 


P.IhMflnqMaakrJtlMHM. Jt.3U.»J i Mi» a n. 
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J>ii»trict. 

Umutec. 

Mineral. 

N.^ture 

of 

grant. 

Area 

in 

acres. 

Data of 
commence- 
ment. 

Turin, 

Tavoy 

(241) Mr. Toll Lu IVi . 

Tin and woKrain 

P. L. 

(Renewal). 

49Q-2 

loth February 
1033. 

i year. 

»>o. 

(212) U Kyaing . 

Do. 

1 *. L. 

(itcucwol). 

7040 

I’OUi April 

1933. 

Do. 

Do. 

(243) Mr. K. ( 1 . Oregaou 

Do. 

p. 1. 

(Renewal). 

108*8 

21 St May 1033 

1 ) 0 . 

Do. 

(244) U Ohn Nyiiii . 

Do. 

P. L. 

(Renewal). 

9G0 

7 th March 

1933. 

Do. 

1 ) 0 . 

(246) Mr. Toh lu I>o . 

\ 

Do. 

P. L. 

(Renewal). 

204*8 

23rd May 1933 

Do. 

Do. 

(246) Mr. D. K. Bowrio 

Do. 

i*. L. 

(lltaicwal). 

640*0 

2nd JiUy 1083 

Do. 

Do. 

(247) Mr. Toh Lu Pc . 

Do. 

1\ L. 

(Renewal). 

486*i 

I4t}i July 1038 

Do. 

Do. 

(248) UOhnN)un . 

Do. 

P. L. 

(Renewal). 

198*4 

7t}i July 1083 

Do. 

Do. 

(219) Daw Thi . 

Do. 

P. L. 

(Ueiicwal), 

832 0 

27th July 1033 

Do. 

Do. 

(250) Mr. L. W. Klaura 

Do, 

P. L. 

(Itcncwal), 

224*0 

17tli August 
193.3. 

Do. 

Do. 

(251) Mr. ir. G, Gregson 

Do. 

P. T 4 . 

(Renewal). 

06*0 

2Cth August 
1033. 

Do. 

Do. 

(252) Mr. C. Soo Don . 

Do. 

P. h. 

(Renewal). 

147*2 

24th Octol»er 
1933. 

Do. 

Upper Chlnd- 
win. 

(253) Mem. The 

Burmah Oil Co., Lt4. 

.Natnrnl pctrolonin 
Gnchidlng uatuTHl 
IPw). 

F. I.. 

8,820*0 

26th June 
1933. 

2 ycait. 

Do. 

(264) MeBSTfl. Fair- 

weather lUchUils & 
Co., Ltd. 

Coal 

P.L. 

(Renewal). 

704*0 

nth Maidi 
1033. 

1 year. 

Do. 

(266) Mesara. The 

ItMio-Bnrmn Petro- 
leum Co., Ltd. 

NatnrJil petrolonm 
(inelu'iing natnral 
pw). 

P. L, 

(Renewal), 

2,880*0 

2nd Angoat 
1033. 

Do, 

Do. 

(256) Do. 

Do. 

P. L. 

(Renewal). 

040*0 

6 th October 
1933. 

Do. 

Do. 

(267) Messrs. Fair- 

weather Hlchards A 
Co., Ltd. 

! Coal 

P. L. 

(Renewal). 

56t*R 

16th August 
, 1983. 

Do. 

Ynmothin , 

(268) Mr. If. A. Hoq . 

i 

WoUram and mixed 
ores. 

P. L. 

640*0 

22 nd April 
1933. 

Do. 

Do. . 

(269) Mr. £. C.M. Gar- 
rett. 

AU minerals except 
oil and precious 
•tones. 

P. L. 

1,344*0 

1 st September 
1932. 

Do. 

Do. 

(260) Mr. Saw liOtn Lee 

All minerals except 
mineral oil. 

P.L. 

640*0 

15th July 1983 

Do. 

Do. 

(261) Do. 

Do. 

P.L. 

040*0 

Do. 

Do. 

Do. 

(202) Do. 

Do. 

P.L. 

640*0 

Do. . 

Do. 


F. J>,*>*999^^ing lieme. 
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District.. 

Grantee. 

MineroJ. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

Term. 

Vainetiiln • 

(263) Mr.K.C.H.Oa^ 
rett. 

All minerals except 
oil and precious 
stones. 

P. U 

236*8 

1st September 
1033. 

1 year. 

Do. 

(264) Mr. Syii.l Kbrahiin 

All mlnerais except 
mineral oil. 

P.L. 

640*0 

dlst August 
1038. 

Do. 


CENTRAL PROVINCES. 


Balogbat . 

(265) Mr. Kanbaiyalal 
of Balaghat. 

Manganese 


P. L. 


388 

2Gth October 
1033. 

1 year. 

Do. 

(266) The Central Pro- 
vlnrcs Mtanganose Ore 
Co., Ltd., Nagpur. 

Do. 


M.L. 


62 

6th Fcbniary 
1038. 

30 years. 

Do. 

(267) Do. 

Do. 


M.L. 


416 

Do. 

Do. 

Do. 

(268) Do. 

Do. 


M. L. 


11 

Do. 

Do. 

Do. ■ 

(26») Do. 

Do. 


M. L. 


1,000 

Do. 

Do. 

Do. 

(270) Do. 

If 

Do. 

• 

M.I,. 

1 

634 

10th October 
1033. 

Do. 

Do. 

(271) Do. 

Do. 

* 

M.L. 

• 

85 

Do. • 

Do. 

Bhandara . 

(272) Mr. M. D’Costo, 
NiM?par. 

Corundum 

kyanite. 

and 

P.L. 

• 

01 

11th April 
1033. 

1 year. 

Do. 

(273) Do. 

Do. 


P. L. 

• 

12 

Do. 

Do. 

Do. ■ 

(274) The Central Pro- 
vinces Manganese Ore 
Co., Ltd., Nagpur. 

Mangnncse-oro 


M.L. 

• 

106 

1st July 1033. 

30 years. 

Do. 

(276) Do. 

Do. 


M.L. 


303 

Do. 

Do. 

Do. 

(276) Mr. M. D’Costa, 
Nagpur. 

China clay 


P. L. 


47 

11th April 
1033. 

lyear. 

Do. 

(277) Mr. 8. Kunwar 
Lai Singh, Fhoolchnr. 

Sand 


Q.L. 


45 

15th March 
1088. 

10 years. 

Do. 

(278) Mr. Nandial, 

Contractor, Gondia. 

Clay . 

« 

Q.L. 


7 

Ist February 
1033. 

Do. 

Do. 

(273) Messrs. Ganpat 
Kao Laxman Kao of 
Nagpur. 

Flooring stone 

e 

Q.L. 


4 

26t)i May 1083 

Do. 

Do. . 

(280) Mr. Tima Easlram 
Mahar, Gondia. 

Olay and sand 


Q.L. 

e 

1 

801 August 
1088. 

6 yean. 

Bilaspar . 

(181) Ifr. 9altMa V.I- 
Jee, Oontmetor of Bal- 
goA. 

Limestone 

• 

Q.L. 

• 

18 

26th August 
1082. 

10 years. 

Da 

(282) Mtes. Gornbax 
Sms^ Dttamilnclh & 
Co., Torwa. 

Do. 


Q.t. 

• 

24 

1 

20tb July 1032 

Do. 

Do. 

(283) Mr. Shamjee 

Gangjee, EoJgarb. 

1 

Do. • 

» 

Q.L. 

• 

5 

28th August 
1088. 

Do. 


IL lu-yMMf ten. Xwm. 
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Dbtrict. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
ooznniem^- 
meut. 

Term. 

Uilasimr 

(284) Messrs. Gura- 
duttania KaslUruiu. 

Limestone 

Q. L. 

2 

Idth Pebraary 
1983. 

10 years. 

Do. 

(286) Mr.JalramVelJeo, 
Ooufcractor of Haigarh. 

Do 

Q.L. 

43 

19th April 
1032. 

Do. 

Do. 

(280) Mr. Banehhorlal, 
Brahman of Bilaspur. 

Clay 

Q.. L. 

2 

8th February 
1933. 

5 years. 

Do. 

(287) Mr. Denman, Son 
of Narliar, Kanno]la 
Chamber, Jana Bllos- 
pur. 

Do. . 

Q. L. 

1 

3l8t March 
1938. 

Do. 

Do. 

(!S88) Mr. Tulsiram, 
Mahar of Magarpoia, 
Bilaspur. 

Do. . . . 

Q.L. 

8 

29th July 1033 

2 years. 

Do. 

(289) Mr. Muhutram of 
Magarpara, BUaspar. 

Do. , . . 

Q. L. 

1 

7ih June 1033 

Do. 

Do. 

(290) Mr. Ganpat Eao 
Vioayak Boo Sheah, 
Jnna Blloapiir. 

Do. . . . 

Q.L. 

1 

30(h Uaieb 
1033. 

Do. 

Do, 

(201) Mr. Muljeo Jag- 
mal, Boiigal Kagpur 
By. Contractor, BllaS' 
pur. 

Do. . . . 

t 

Q. L. 

2 

11th Kobruary 

6 years. 

Do. 

(292) Do. 

Do. *. 

Q. L. 

2 

let September 
1938. 

3 yean. 

Do. 

(293) Messrs. Dunlop 
and Oonsidlne, Gher- 
dewa Goal Helds, Ltd. 

Coal 

?. L. . 1 

10.297 1 

81 h Aiiril 

1983. 

1 year. 

OtihindwaTa. 

(204) Seth Bansklhor 
Bamnlwus Goenlm 
of Nagpur. 

Do. ... 

M. L. 

828 

7th July 1033 

30 years. 

Do. . 

(295) Mr. D. Nurgol- 
wala of Nagpur. 

Do. . . . 

P. L. 

278 

18th February 
1933. 

1 yea 

Do. . 

(206) Do. 

Do, • . . 

P. L. 

516 

20th March 
1933. 

Do. 

Do. . 

(297) HajI Syod /allt^ 
nddln of Ghldndwara. 

Do, . . . 

P.L. 

370 

22nd March 
1033. 

Do. 

Do. . 

(208) Do. 

Do, . . . 

P. L. 

188* 

18th May 

1033. 

Do. 

Do. . 

(200) Beth Bansldhar 
Bamniwaa Ooonka of 
Nagpur. 

Do. . . . 

P.L. 

267 

17th July 
1938. 

Do. 

J>0. . 

(SOO) Meeera. Mangal 
Sim^ Idmar Sln^ 
of Na^ur. 

Do. . . . 

P.L. 

198 

16th August 
1988. 

Do. 

Do. . 

(801) Mr. Syed Jamal 
of Junoardeo. 

Do. » • • 

P.L. 

402 

7th September 
1983. 

Do. 

Do. . 

(802) Mtes. Jagan- 
nath BAmdayal of 
Ciwnpore. 

Do. • . . 

P.L. 

1,146 

22nd Septem- 
ber 1033, 

Do. 


H. Demi. Q.Li»QtianyXMfib 
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' 

District. 

Grantee. 

Chhindwara. 

(308) Seth Bansidhar 
Ramnlwas Goenka of 
Nagpur. 

Do. . 

(304) Do. 

Do. 

(3Q6) Do. 

Do. 

(300) Messrs. Mangal 
Singh Iswar Singh of 
Nagpur. 

Do. . 

(307) Messrs. Waljl 
Bhlmjl and Sons of 
Junnerdeo. 

Do. . 

(309) Seth Bansldliar 
Bramnivraa Goonka, 
Nagpur, 

Do. . 

(309) Mr. Syed Jamal 
of Junnatdeo. 

Do. . 

(810) Messrs. Bench 
Valley Coal Company, 
Ittd., Paraala. 

Do. . 

(311) Messrs. Mangal 
Singh Isliwar Singh of 
Nagpur. 

Do. . 

(312) Seth Hszarimal 
Bam of Chhindwara. 

Jubbiilpore . 

(318) The C. P. Cement 
Company, Bimitod, 
Bombay. 

Do. 

(314) Do. 

Do. 

(316) The 0. ?. Port- 
land Ccb^t Oo., Ltd., 
Katnl. 

Do. . 


Do. . 

(317) Mr. T. C. Dunne 

Do. . 

(818) Mr. Nash" waoii 
^MAiiaeh}tDttliaBh. 

Do. . 

(»8)Tho Imptatal 

Stone Ltoa ManuMo- 
facturtiQi Co., Malhar. 

Do. • 

vssrisss7 


Katnl. 

Do. « 



Do. . 

IsW 



Nature Area 

of In 

grant. acres. 


Date of 
oommenco- 
ment. 



910 25tb Si^.ptcm- lyear. 

berim. 


142 Do. . Do. 

657 12th October Do. 

im. 


405 16th Novem- Do. 
her 1033. 


270 20th Novem- 1 Do. 
her 1933. I 


017 22nd Novem- Do. 

bet 1933. 

62 2nd Decern- Do. 

her 1983. 


66 Do. . Do. 

10 8tb April 1933 16th yoora. 


814| 6th January 1 year. 
I 1938. 

Do. . Do. 


1983. 

6 27th January Do. 

1988. 

9 3th ICay 1933 Do. 


lie I ^^^^3nua^ j 1 year. 


8 27 l^(ld|Ober jlOyeuM. 


lOQ 261& Auguat. Do. 
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District-. 

(Jraiitco. 

Mineral. 

— 

IB 

Area 

In 

acres. 

Date of 
comuiencc- 
ment. 

Term. 

Nagpur 

(dS3) Mjr. Sbamji 
Naraoji of llamtck. 

Mauganesc-ore 

M. L. 

58 

14th Decem- 
ber 1932. 

10 years. 

Do. 

(324) Mr. M. A. llazaq, 
Xamptec. 

Do. • • 

M. L. 

80 

18th February 
1988. 

Do. 

Kalpiir 

(325) Mr. Dftiipttt Kmi 
L axmaa Kao of 
Kagpur. 

iiag stone 

Q. L. 

0 

28th October 
1933. 

Do. 

Do, 

(320) Mr. Kikhlram 
(Jouiracior of llaipur. 

Clay 

Q. L. 

10 

lOUi Dccom- 
berl932. 

D«). 

Yootnial 

(^7) Ral Babadiir 

Dansilal Ablrchoiid, 
Kamptoo. 

Coal 

r. L. 

2,764 

24t.h October 
1933. 

1 year. 

Do. 

(328) McsSTfl. Waaudco- 
rao and BrotlicrB, 
Nagpur. 

Limestone 

P. L. 

no 

1st August 
1033. 

Do. 

Do. 

! 

(329) Mrs. Ganpat Iloo 
Laxman llao, 

Nagpur. 

Do. 

P. L. 

51 

12th October 
1033. 

Do. 

Do. 

(330) Mr. M. D'Costa, 
Nagpur. 

Do. 

P.L. 

12 

14th Beptem- 
berl989. 

Do. 

Do. 

(331) Do. 

Do. • • 

P.L. 

23 

25th Novem- 
ber 1988. 

Do. 

Do. 

(332) Mr. Ganpat Kao 
Laxman Kao, 
Nagpur. 

Do. . • 

P. Ti. 

49 

29th Novem- 
ber 1033. 

Do. 

Do. 

(333) Mcaon. Waaudeo- 
rao and Brothcra, 
Nagpur. 

Do. . • 

P.L. 

62 

12Ui October 
1933. 

Do. 

Do. 

(334) Do. 

Do. • • 

Q.L. 

0 

28th October 
1988, 

10 years. 


MADRAS. 


Anantopur . 

(336) Mr. Vegarasu 
Yenkatosulbbayya. 

Barytes . 


P. L. 

60 00 

27th April 
1933. 

1 year. 

Do. 

(336) Mr. Damratha- 
ramaKeddi. 

Do. 

• 

P.L. 

6300 

1st November 
1933. 

Do. 

Chlnglopnt . 

(837)M(w. P«iy & 
Co.,lCidw. 

Blue clay 

• t 

M. L. 

0-24 

1st AprU 1933 

10 years. 

Chittoor . 

(888) Mr. T. Attdimula 
Mudatiyari Sholingur. 

Mica 

• • 

M. L. 

226 00 

1st July 1983 

80 years. 

Cuddapah . 

(839) Mr. 8. 8. Onzdar 
of Calcutta. 

Bi^ytcs . 

• a 

M.L. 

74-80 

Do. 

Do, 

Do. 

(840) Do. 

Do. . 

• • 

P.L. 

64-80 

1 

1 

1 

lyoar. 

Do. 

(341) Mr. K. Abdul 

Do. 

• • 

P.L. 

6-42 

20th Decem- 
ber 1932, 

Do. 

■ ' "'‘fni 


/ 
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District. 


Mineral. 

Nature 
* of 
grant. 

Aren 

In 

acres. 

Date of 
commence- 
ment. 

Term. 

Cuddapah . 

(342) Hr. K. Abdul ITyc 
SsUboflMIwy. 

Barytoa . 

• 

P.L. 

7-00 

lat June 1933 

lyear. 

Do. 

(343) Mr. S. S. (^nzdar 
of Calcutta. 

Do. . 

• 

P.L. 


10th Decem- 
ber 1932. 

Do. 

Do. 

(844) Do. 

Do. . 

• 

P.L. 

172*96 

30th Novem- 
ber 1933. 

Do. 

Do. 

(346) Do. . 

Asbestos 

. 

P. L. 

50*23 

3rd June 1933 

Do. 

Do. 

(346) Mr. K. BaU- 
krlshna Kayudu of 
Madras. 

AluiiUnium silicato . 

P. L. 

4*00 

14th Septem- 
ber 1933. 

Do. 

Do. 

(347) Hr. B. 8. Onudor 
ot Calcutta. 

Barytes . 

• 

P.L. t. 

8*73 

llth Novem- 
bet 1688. 

Do. 

Do. 

(348) Do. 

Do. . 

* 

P.L. 

4-80 

23rd August 
1938. 

Do. 

Do. 

(349) Mr. Dasaratha- 
rama Beddi of 
Madras. 

Do. . 

• 

P.L. 

63*87 

8th Novem- 
ber 1933. 

Do. 

JimtuT 

(350) Mr. Manji Bechar 
of BoniUa (Bengal- 
Nagpur Hallway). 

^Lead, barytes, steatite 
and magnesite. 

P. L. 

398*00 

18th Decem- 
ber 1938. 

Do. 

Knrnnol 

(351) Mr. Ashrutf Hub- 
salu Kluui Maudozlc. 

Barytes . 


M. L. 

22*00 

27th Septem- 
bet 1983. 

5 years. 

Do. 

(362) Do. 

Do. . 


M.L. 

13*29 

Do. 

Do. 

Do. 

(353) Mr. Bepori Abdul 
Nabl Sahib. 

Do. . 


M.L. 

10*92 

6th October 
1033. 

Do. 

Do. 

(354) Mr. Asbnifl Hus- 
sain B^n Mandozie. 

Do. . 


P.L. 

30 00 

5th April 1083 

1 year. 

Do. 

(355) Messrs. Naiayan- 
das Qirdhardas and 
0. Manavalan. 

Do. 


P.L. 

206*00 

5th June 1083 

Do. 

Do. 

(356) Do. 

Lead-oro. 


P.L. 

10*93 

2Srd June 

1933. 

! Do. 

Do. 

1 

1 

Barytes . 


P.L. 

7*83 

3Ut July 1033 

Do. 

Do. 

(363) Do, 

Do. . 

• • 

P.L. 

20*62 

Slut August 
1088. 

Do. 

Do. 

(35») Do. 

Do. . 


P.L. 

16*01 

Do. . 

Do. 

Do. 

(300) Do. 

Do. . 

• # 

P.L. 

0*45 

6th Septem- 
ber 1988. 

Do. 

Do. 

(331) Do. 

Do, 

• • 

P.L. 

6*60 

8l8t August 
1988. 

Do. 

Do. 

(862) Mr. B. Venkata- 
swamiChett). 

Bed oxide of iron , 

P.L. 

20*00 

26th August 
1988. 

Do. 

Do. 

(333) Do. 

Lead, sine and bary- 
tes. 

P.L. 

16*00 

9th August 
1988. 

Do. 

Do. 

(864) Do. 

China clay or kaolin 

P. L. 

0*00 

26th August 
1988. 

Do. 


t, ifcwiw. ^ KUmMUtiv £•••>. 
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MADBAS~<!on&2. 


Mitrlct. 

Qraateo. 

Mineral. 

Natoro 

of 

grant. 

Area 

In 

acres. 

Date of 
t ommoncc- 
ment. 

Term. 

Kumool 


(365) Mr. B. Venkata- 
awaml 

China clay or kaollii 

P. L. 


200 

17th August 
1933. 

1 year. 

Do. 


(tM) Do. 

Barytes . 

• 

P. I. 


87-20 

18th August 
1933. 

Do. 

Do. 

e 

(887) Do. 

Do. . 


P. L. 


30-33 

loth Septem- 
hcr 1933, 

' Do. 

Do. 


(368) Kr. Manjl Beohar 

Do. . 

• • 

P.L. 


25-93 

Do. 

Do. 

Do. 


(369) Ur. Beparl Abdul 
Kak Sahib. 

Do. . 

■ 

P.L. 


42-00 

17th October 
1933. 

Do. 

Do. 


(370) Do. 

Do. . 

• 

P. L. 


59-00 

Do. 

Do. 

Do. 


(371) Mr. Madasu 
Pedda B^ragappa. 

Do. . 

• 

r. L. 


20-00 

9th Novem- 
ber 1983. 

Do. 

Do. 


(872) Manji . 

Do. 

* 

P. L. 


.38-54 

Ist Novembtir 
1033. 

Do. 

Do. 


(373) Mr. B. P. Nari- 
man. 

Do. . 

; 

V, L. 


21-00 

3rd October 
1933. 

Do. 

Do. 


(374) Mcssn. Narayan- 
daa Gtrdhardas and 
C. Manavalan. 

China cluy or kaolin . 

P. L. 


10-50 

3Ut August 
1033. 

Do. 

Do. 


(375) Mr. Aabraff Hiu- 
saln Shan Maudozie 

Barytes . 

• 

P. L. 


23-07 

29th Dune 

1983. 

Du. 

Do. 


(370) Mr. 8. S. Ouzdar 

Bartyes and 
ochre. 

yellow 

P. h. 

• 

19-00 

Ist December 
1933. 

Do. 

Do. 


(377) Do. 

Barytes , . 

• 


1 

130-00 

17lh Novem- 
ber lb33. 

Du. 

Do. 


(378) Do. 

Do. 

. 


1 

46-00 

Do. 

Do. 

Do. 


(379) MeeuB. Narayana- 
daa Glrdhardas and 
0. Manavalan. 

Do. . 

• 

P. L. 

• 

59-00 

6th October 
1933 . 

Do. 

Do. 


(380) Mr. M^aor 

Pedda Bangappa. 

Do. . 

• 

P. L. 


2-87 

1st December 
1083. 

Do. 

Do, 


(381) Do. 

Do. . 

• 

P. L. 


7-00 

Do. 

Do. 

Do. 


(382) M. B. Venkata- 
awami Ghetil. 

Load-oro and zinc • 

P. L. 


0-00 

4i]i December 
1933. 

Do. 

Do. 


(388) MeBBTB. Narayana* 
daa Glrdhardas and 
C. Manavalan. 

Silver, lo.i(l, zinc and 
other minerals. 

P. L. 


31-00 

8th December 
1933. 

Do. 

Do. 


(384) Mr. B. F, Sesha 
B«ddi. 

Steatite . 

• 

P. L. 


27-50 

k24th Decem- 
ber 1933. 

Do. 

Kellon 


(385) Mr.O.M.Garuda- 
char. 

Mica 

• 

P. L. 


S-43 

24th April 
1933. 

Do. 

Do. 


(886) Messn. Veml 
Beddl and Adlsesha 
B«ddi. 

Do. 

• • 

M.L. 

* 

48-69 

20th August 
1983. 

l 

n 


P. Lkenm M* L.«>Afifiln^ Xeoit, 
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MADRAS-«oneU. 


Dlftirict. 

Grantee. 

Mineral. 

Natnre 

of 

grant. 

Area 

111 

acres. 

Date of 
ooiumcncu- 
mont. 

Term. 

Kellore . 

(387) Mr. F. Yeiiltayya 

Mica 

P.L. 

24884 

30tli May 

IMS. 

1 year. 

Do. 

(388) Mr.y.G.KriBluia 
liUio. 

China clay • 

P.L. 

609 

2Qth October 
1033. 

Do. 

Do. 

(880) Mr. P. Venkayya 

Mica . • . 

P.L. 

15-22 

10th August 
1033. 

Do. 

Tlnnovelly . 

(300) Mr. Annavi Hari* 
krtobna llacUir. 

Garnet sand • 

M.L. 

1*67 

Uth January! 
1033. 

3 years. 


NORTH-WEST FRONTIER PROVINCE. 


Bannii 

(301) The Indo-Borma 
Petroleum Co., Ltd. 

Natural petroleuni 
(including natural 
gM). 

P.L. 

(Bencwal). 

6,013-6 

3rd Pebroary 
1033. 

1 year. 

Do. • 

(802) Do. 


Do. 

• 

P.L. 

(Bencwal). 

8,040-0 

3rd August 
1033. 

Do. 

Do. 

(303) The Burtnah Oil 
Co., Ltd. 


Do. 

• 

P. L. 

(Renewal). 

11,744-0 

2iul Septem- 
ber 1933. 

Do. 

Dcra Ismail 
Khan. 

(394) The Indo-Bnrma 
Petroleum Co., Ltd. 

Mineral oil 

• 

P.L. 

(Renewal). 

2,005-2 

lOlh Septem- 
ber 1033. 

Do. 

Do. . 

(S»6) Tiro AUook OU 
Co., Ltd. 

Do. 


• • 

P.L. 

(Renewal). 

150-0 

26th Novem- 
ber 1033. 

Do. 

Do. . 

(394) Tiro Boiiaali Oil 
Co., ltd. 

Natural petroleum 
(including natural 
gas). 

P.L. 

(Renewal). 

^ 1,504-0 

Sad Swtem- 
ber 1933. 

Do. 




PUNJAB. 





Jhelum 

(307) Pandit Gian 

Ghand and Lala Bam 
Lai, Dandot. 

Coal 

• 


P. L. 

66 

1 

0th December 
1033. 

1 year. 

Do. 

(308) Lala Bam Lai of 
Wahnla, Dandot. 

Do. 

• 


P.L. 

325 

lat July 1033 

Do. 

Do. • 

(300) Lala Sant Bam 
Kapur, Pind Dodon 
TThkn, 

Do. 



P.L. 

280 

2l8t August 
1033. 

Do. 

Do. 

(400) The ChakWal 

BrUd^ Company, 

Ohakiral 

Do. 



P.L. 

1 

03 

1st April 1033 

Do. 

Do. 

(401) The Lahore 

ladnstrles Ltd. 

Do. 



M.L. 

103 

1st May 1033 

80 years. 

Do. 

(408) BbaiBaauraMal, 
Dandot. 

Do. 


• • 

M.L. 

116 

30th Septem- 
ber 1033. 

Do. 

Do. • 

(408) Lala Bam Lai 
of Tatral 
tSEiT Bind Dadan 
Khan. 

■ 

Do. 


a • 

P.L. 

88 

8th July 1933 

1 year. 


IMtm, . ILlbrntHulM) Utnf, 
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District. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
oommonce- 
inent. 

Term. 

JbclUUi 

(404) BhalHazuraMal, 
Dandot. 

Coal . 

M.L. 

ti 

13th Octolior 
1033. 

30 years. 

Klanwall . 

(405) Lala bhar Daa 
Kapur, Pind Dadan 
Kliiui. 

Do« • • « 

M.L. 

soo 

14th June 

1033. 

Do. 


UNITED PROVINCE^!. 


Almora 

. (400) Mr. Prag Naraln, 

Copper and allied P. L. 

, 

640 

01 h Dcceiiilcr 


BaWatpara, Agra. 

miueride. 



1033. 


P. L . ^Prospecting License, M. Mining Leaee, 


SUMMARY. 


Province. 

Prospecting 

Liconsits. 

Mining 

Leases. 

Quarry 

Leases. 

Total of each 
Province. 

AJmer-Morwarii 

8 

3 

•• 

11 

Assam . « 

13 


•• 

13 

Baluchistan 

* 

4 

•• 

0 

Blhui and Orissa 

2 

15 

•• 

17 

Bombay 

2 


•• 

2 

Burma 

£0S 

12 

•• 

215 

Central Provinces 

35 

11 

24 

70 

1 

Madras 

48 

8 


56 

North-West Frontier Province . • 

6 

•• 

.. 

6 

Punjab 

1 

4 

•• 

0 

United Provinces 

1 

•• 

•• 

1 

Total of each Und and grand total . 

825 

67 

24 

406 

ToUlfOtlflSS . 

240 

62 

20 

8t7 
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CLASSIFICATION OF LICENCES AND LEASES. 

Table 49. — Prospecting lAcenses and, Mining Leases granted, in Ajtner- 
Mermra during the year 1933. 


DltJTRlCT, 

1933. 

No. 

Area in 
acres. 

Muiorul. 


Pbosprgting Ligersss. 

Ajmer .... 

2 

11-7 

Mica. 

Do 

1 

200 

Bcryl> felspar and ([iiart-z. 

Do 

1 

0-8 

Felspar, China clay and mica. 

Do 

2 

4-2 

jllica and beryl. 

Do. • • . • 

1 

1-7 

Beryl and felspar. 

Boawar 

» 

6*0 

Mica. 

Total . 

. 8 



v 

Mining Leakier}. 


Ajmer • • . . | 


37-0 

Mica. 


Table Prospecting Licenses granted in Assam during the year 

1933. 


District. 

1933. 

No. 

Area in 
acres. 

Mineral. 

Cachar .... 

4 

11,399-4 

Mineral oil. 

Lakhimpur • 

6 

18.162-3 

Petroleum. 

Sylhet .... 

3 

16,303*2 

Minora! oil. 

Total . 

13 
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Table bl,— Prospecting Licenses and Mining Leases granted «n 
BalMehistan during the year 1933. 


Dxstkiot. 

1933. 

Xo. 

Area in 
acres. 

Mineral. 

Kalivt . . . . 1 

Kalal .... 
Quotta-PLshin 

^J’OTAL . 

PROHPECTXN 

1 

Mining 1 

3 

1 

G LTCEKSE.S. 

2,720 1 

^KASES. 

330 

150 

Coal. 

Coal. 

T)o. 

4 

Table S2.--^Prospecting Licenses and Mining Ibises granted in Bihar 
and Orissa during the year 1933. 

DX8TBICT4 

1933. 

i 

i Xo. 

i 

Area in 
acres. 

Mineral. 

Kazaribagh . 

SinghbhTim . 

Totat. . 

Prospectin 

1 

1 

G TaIOEKSES. 

51*2 

204*8 

Siilimanitu, kyanite ard abra* 
sivo garnet. 

Chromite. 

2 

Mining Leaskh. 

Santal Pavganau • . 15 43*0 Coal. 

Table 53. — Prospecting Licenses granted in the Botnbay Presidency 

during the year 1933. 

Dibtbxgt. 

1933. 

Xo. 

Area in 
acres. 

^ 

Mineral. 

Helgaum 

Hatnagiri 

Total . 

1 

1 

i 

558 

1,280 

Bauxite. 

Chromite. 

2 


a 
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Tabu M.-~~Pf09p«^ng IdoMsea and Mimng loam gfontei in Buma 

during ike year 1933. 



Akyab . 

• 

3 

Amherst 


4 

Lower Chindwin 

• 

1 

Magwe . 


. 5 

Ifergui . 

, 

41 

Do. . 


3 

Do. . 


6 

Do. . 

. 

36 


Do. . 

Minbu • 


MviMyau 

Myitkyina 

Northern Shan States 
Ditto 

Pakokku 

Salweea 

Southern Shaii States 
Ditto 

Thaton . 

Thayetmyu 

Tavoy . 

Do. . 

Do. . . . 

Upper Chindwin 

Do. 

Yamethin 

Do. 


I*ROSP£OT1KO Licenses. 
3 ( 11,776*0 


3,520*0 

3,187*2 

18,300*4 
l.%084*4 
L.542 4 
1,721*6 
14,662*4 
947*2 
377*6 
1,391*4 


390*4 

1,280*0 


1 ,? 120*0 

4,800*0 

1,680*0 

10,137*6 

586*4 


640*0 

12,665*6 

2,688*0 

6,803*2 

U,.058*4 

1,081*6 

0,416*3 

11,840*0 

1,265*2 

640*0 

1,580*6 

a.560*0 


Natural petroleum (iiidudiiig 
natural gas). 

All niiiiorals except oil. 

Natural petroleum (incliuling 
natural gas). 

Ditto. 

Tin and allied minerals. 

All minerals except oil. 

Tin and wolfram. 

Tin-ore. 

Tin and other minerals. 

All minerals. 

Tin, wolfram and allied 
minerals. 

Wolfram and allied mineiali. 

Tin and all minerals except 
coal and oil. 

Gold, tin and aUted minerals. 

Natvrnl petroleum (including 
natural gas), coal and other 
minerals. 

Natural petroleum (inchiding 
natural gas), 

Ditto. 

Gold and platinum. 

Load and silver. 

All minerals. 

Natural petroleum (including 
natural gas). 

AU mineirala except miiwral 
oil. , 

Wolfram. 

All minerals except mineral 
oil. 

Ditto. 

Natural petroleum (inchiding 
natural gas). 

Tiu ond vroJUbam^ 

Tin and allied minerals. 

All minerals except oil. 

' Natural petroleum (including 
natural gas). 

OooL 

Wolfntm and mixed ores. 

All minerals except ojl and 
peoiouB stones. 

All minerals except minera) 
oil. 
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Tablr 54. Prospeeting lAeenaes and Mining Leases granted in Burma 
during the year 1933~ <son\A. 


Disriticrp. 

im. 

No. 

Area in acres. 

Mineral. 

Magwo .... 

Mergui .... 

Do. .... 
Northern Sham (States 

Ditto 

'rhayetmyti . 

'raivov .... 

jW. .... 

Do 

'I’OTAI. 

MlNlNO 

1 

2 

1 

1 

1 

1 

1 

2 

2 

LKA.«f!lS. 

L2800 

492-8 

70-4 

820-0 

.87-7 

8200 

96-0 

2.80-8 

IS.'iO 

Xiitural petroleum (including 
natural gas). 

Till and allied mineralH. 
Tin-ore. 

Lead, silver, zinc and cox^per. 
Iron -ore. 

Natural petroleum (including 
natural gas.) 

Wolfram ore. 

Tin-ore. 

Tin and A^olfrnm. 

12 

Tabi<k 55.- Prospecting Licenses and Mining and Quarry Leases 
grants in the Central Prooinces during the gear 1933. 

Di.sthict. 

urn. 

Xo.' 

Area in acres. 

Mineral. 

JlaLaghat 

Vhandara 

Do 

Bilaspvr 

Ohiuudwara . 

.fiibbulpore . 

Do. 

Yeotnial 

Do. 

Total . 

l^KOSVKCTll 

1 

2 

1 

1 

18 

4 

1 

1 

6 

Ul l^lOEMSISS. 

388 

103 

47 

10,297 

0,483 

1,307 

53 

2,764 

303 

Mangaiicse-oro. 

Corundum and kyanite. 

China clay. 

Coal. 

Do. 

LirAostouo. 

Red and yellow ochre. 

Coal. 

Limestone. 

♦ 

.^> 

Balaghat 

Dhamlarai 

Chhindwani . 

Nagpop 

Total . 

Mtniho 

6 

T 

*> 

"t 

Dkasks. 

2,107 

169 

828 

T38 

Manganow* -ore. 

Du. 

Coal. 

Mangaiiese^ore.. 

11 


o2 
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65 . — ProopecUfig Lteeiues and Mining and Quarry Loam 
granted in the Gentrcd Provinces during the year 193S — 

CODtd. 


District. 

1933. 

No, 

Area in 
acres. 

Mineral. 

Bhondara 

Do. 

Do. . . . 

Do. . . . 

Bilaspur 

Do. . . 

tTubbulpore . 

Raipur .... 

Do 

Yeotmal 

Total • 

Qcaeri 

1 

1 

1 

1 

5 

7 

5 

1 

1 

1 

^ Leases. 

45 

7 

4 

1 

92 

12 

29 

9 

10 

6 

Sand. 

Clay. 

Flooring stone. 

Clay and sand. 

Limestone. 

Clay. 

Limestone. 

Flag stone. 

Clay. 

Limestone. 

24 

Tabijb 66. — Prospering Licenses and Mining Leases granted «n the 

Madras Presidency during year 1933. 

* 

DlSTBlOT. 

1933. 

Xo. 

Area in 
acres. 

Mineral. 


pROSPEOTii^a Licenses. 


Anantapur 




2 

123 00 

Barytes. 

Cuddapah 




8 

358*38 

Do. 

Do. 

• 

• 


1 

56*23 

Asbestos. 

Do. 

• 

• 


1 

400 

Aluminium silicate. 

Guntur . 

• 

• 

• 

1 

398*00 

Lead, barytes, steatite, and 







magnesite. 

Kuniool 



• 

1 

0*00 

Lead-ore and zinc. 

Do. 




1 

21*00 

Silver, lead, zinc and other 







minerals. 

Do. 



a 

1 

16*93 

Lead-ore. 

Do. 




1 

20*00 

Red OEide of iron. 

Do. 




1 

27*60 1 

Steatite. 

Do. 


• 

m 

1 

16*00 

Lead, zino and barytes. 

Do. 


a 

• 

1 

19*00 

Barytes and yellow ochre. 

Do. 


a 

« 

3 

24*60 

China clay or kaolin. 

Do. 



« 

21 

784*48 

Barytes. 

Xellore « 




3 

270*49 

Mica. 

Do.' 


m 

• 

1 

! 6*09 

China clay. 



Totai. 

a 

48 

1 
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Table 56. — Pro$peding Licenses and Mining Leases granted in the 
Madras Presidencg during the year 1933 — contd. 



1933. 

District. 

No. 

Area ia 
acres. 

Mineral. 


Mnsnro Lbasrs. 


Ohingleput 

I 

0-24 

Clay. 

Ohittoor 

1 

22600 

Mica. 

Ciiddapaii 

1 

74-80 

Barytes. 

Kurnool 

li 

46*2] 

Do. 

Nellore .... 

1 

48-60 

Mica. 

Tinnovolly 

1 

Total • 

1 

8 

1-57 

1 

Oarnct sand. 


Table bl.— Prospecting Licenses granted in the North-West Frontie 
Province during the year 1933. 


District. 

1932. 

N'o. 

Area in 
acres. 

Mineral. 

Bannn .... 

3 

20.697-0 

Natural petroleum (includin; 




natural gas). 

Dera Ismail Khan . 

2 

3.146-2 

Mineral oil. 

Do. 

1 

1,6040 

Natural potrole (includin, 




natural ges). 

Total . 

6 
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Tablb BS." -Prospecting Incenses and Mining Leases granted in the 
Pnngab during the year 1933, 


Distkiot. 

J03:). 

Xo. 

Area in 
iwren. 

MimTal. 


J'ROSPKCTrStJ J^IOEKSES. 


Jholtim • . . • 1 

1 5 1 

1 m> 1 Coal. 


MiNiNu Leased. 


«]heluxn .... 

3 

2B9 

Coal. 

Mianwali • 

1 

m) 

l)n. 

Total . 

4 




Table 69.— Prospering License granted in the United Provinces 

dttring the year 1933. 


1933. 


District. 

Xo. 

Area in 
acres. 

Mineral. 

Almora . 

■ 

1 

640 

Coj^r and aUiod minerals. 
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\ 

Note on the Manganese^Lime Series of C^nets. By 
L. L. Fermor, 0.B.E„ D.Sc., F.R<S.« 

FA.S.Bm Director, Geological Survey of India. (With 
Plate 22.) 

In a paper published in 1926^ 1 wrote ‘ On the Composition of 
some Indian Oamets’, making use of some nine analyses by Mr. 
S. N. Qodbole of the Victoria Gdlege of Science, Nagpur, on material 
supplied by me, and of such other mialyses (eight in number) of 
Indian garnets as were available. In addition to the presence of 
five out o£.the six standard garnet molecules, it was shown that 
the int^retation of some of the analyses indicated the presence of 
other garnet molecules of which three were detected and named as 
follows : — 

3 Fe0.Fcg03.38i0a Skia^ite. 

3 MnO.IV)g 03 . 3 SiOg Calderite. 

3 Mn 0 .Mn| 03 . 3 Si 02 Blythite. 

As very few natural garnets -contain a high enough percentile of 
one molecule to be designated by the name of that molecule alone, 
compound names were su^ested to allow for any molecule present 
to the extent of 20 per cent, or over. The possibility of using foimulBe 
was also illustrated by examples, after allotting a formula to each 
garnet molecule, such as Fy for pyrope, and Sp for spessartite. A 
diagram was ideo given (I. c., Plate 10) illustrating the composition of 
the 17 Indian garnets and showing all the eight gurnet molecules. 

Recently a paper has been published by Messrs. M. B. Rama^ 
chandra Iteo and E. Siipada Rao ‘ On the origin and correlation of 
the metanooi^hic rooks of the Sakarsanhalli area, . Kolar district 
Thn pi^r is of interest because it oimtains a geological map of an 
area of some importance in the correlatiim of the Dharwar rocks,* 
as well as a discussion of the origin and relationship of the rocks 
that were once called by Mr. Jayaram* the Sakarsanite series, a 

^ Ree. QeaL Surv. Jnd,, LI3C, pp. 191*207. 

• Butt. Mya. Owl. De^, No. U, pp. 1-33. (1934). 

• Bee. Oeot. 8urv. Ind., LUI, pp. 22-23. (1921) ; and LIX, p. 92. (1926). 

« Bee. Jfpe. 0eo{. l>ep«.,m, pp. 169-171, (1903) Mid XXn, pt. 2. pp, 2^86, (1925]. 
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name which would be better transformed into Sakrasanhalli series, 
after the viUago near which they occur. 

The authors conclude (2. e., p. 16) that the rocks of the Sakrasan- 
halli series (they do not use this name) are Dharwar in age, and that, 
with the associated hornblende-schists, they must at one time have 
formed ‘ a more or less continuous series with the Kolar schist belt 
but are now much torn up, isolated and severely disturbed by the 
later intrusive gneissic granites’. This conclusion seems justified 
by the facts. 

In addition the authors express the view that the pyroxenic 
(diopsidic) rocks designated tamrites and associated rooks containing 
manganese-garnet and rhodonite, as well as the associated limestones 
—in part black manganiferoos ones like those of Devi ^ and other 
places in the Central Provinces — are all derivatives by metamorphic 
alteration of original igneous hornblende-schists. This is a question 
upon which more than one opinion is jiossible on the facts ; it is not, 
however, intended to discuss this question here, but only the analysis 
of a manganese-garnet from Sakrasanhalli that is given in the paper 
and conclusions to he drawn therefrom. The authors give the 
analysis of this garnet and then state that (Z.c., p. 28) 

‘A comparisem with the list of analyses and oalcnlations of the nine 
specimens of garnets from different Indian localities famished by Dr. Fermor 
shows that it does not correspond to any of them ; but a comparison with the 
analyses of garnets furnished by Dana shows that it comes very near to a 

Spessartite from Ilmen Mts. excepting for a much higher 

percentage of CaO in our specimen.’ 

To neglect to take account of the comparatively high CaO contents 
of the Sakrasanhalli garnet impairs the argument of the authors, for 
if this constituent bo taken into account it is seen quickly that the 
Sakrasanhalli garnet is closely related in composition to certain of 
the garnets represented by the nine analyses mentioned, and in &ct 
forms in composition a member of the manganese-l^e-series of 
garnets of which the spessartite of the gondite series occupy the high 
3ibiO end and the spanditic garnets of the kodurite series the hierb 
CaO end. On the other hand, the garnet irom the TlmcuMts., in 
spite of its high MhO cemtents, is more closely xdUded to the almanditio 
gamete characteristic of argillaceons schists and pegmatites intrusive 
therein. 

* Rk. Otci. dfurr, imi., XXXIII, pp. SOO, 201, Plate 17, 1, (1906). 
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Afl the view that the Sakrasanhalli garnet is more like the garnet 
from the Ilmen Mts. then anv of the garnets represented in my set of 
nine anal;^es has been taken implicitly as an argument against the 
possibility of any of the rocks of the ^krasanbulli series being related 
to the gonditic and other rocks of presumed sedimentary oiigin in 
the Sausar series of the Central Provinces, to establish the reverse 
must be regarded as an argument in favour of the possibility that 
the manganiferous rocks of Sakrasanhalli are related to the gonditic 
rocks of the Central Provinces. 

In Table No. 1 are shown tW'jlve analyses of garnets, nine of them 
being garnets from the gondite and kodurite scries given in Tables 
1 and 5 of my 1926 paper, two of them being the Sakrasanhalli and 
Ilmen Mts. analyses referred to above, and the twelfth, an analysis 
of a garnet from a pegmatite at Biradavole in the Nellore district, 
also taken from the same paper. With one exception the analyses 
are arranged in order of MuO contents, which brings the Ilmen Mts. 
analysis next to that of the Sakrasanhalli garnet. 

On scanning these analyses it is seen at once that ten of the 
analyses belong to a series in which, on the whole, decreasing MnO 
contents is accompanied by increasing CaO contents. But there are 
two strangers to the scries. One is the garnet from the Ilmen Mts. 
and the other is that from Biradavole, which has been purposely 
placed last, because it is known to be a stranger to the MnO-CaO 
series of garnets. The Bakra«anba11i garnet, on the other liand, is 
obviously closest in composition to the garnet from Kotakarra, which, 
but for the interposition of tl\e garnet from the Ilmen Mts., would 
be next to it. 

The relationships of these garnets arc, how'ever, still better 
imdeistood if the analyses are recalculated in terms of garnet mole* 
cules, as is done in Table No. 2, where impurities ace rejected and the 
garnet molecules calculated to a total of 100 per cent.^ 

The relationship of the Sakrasanhalli ganict to the gooditc- 
kodurite series of garnets can also be il1ustra<ted by diagra/n. In 
the diagram forming Plate 10 of my 1926 paper the SakrasanbalU 
garnet falls naturally between the ninth and tenth garnet from the 
left, whilst the garnet from the Ilmen Mts. falls immediately to the 
right ot the fifth garnet from the left (the Nellore garnet). 

The Ilmen Hta. enalyde suffers from the defect that it only yields some 80 per cent, 
of garnet, the whole of the beii% surplus, as well es a portion of the silica and alu- 

mina. By treating the Be^Og asFeO the total garnet comes to nearly 03*93 pet cent, 
with a Buiphis of 2*24 per cent. giOg,l •99 per oent. AljO^ and 0*65 per cent* oxygen. 



Tabus 1. — Results of maijfisis of 11 Indian garnets and one foreign. 
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Table 2 . — Andyaes of 12 garnets according to garnet moleouies. 


34l 



.U/488<S3«) . OarMum .... 80-4« .. 3-16 .. 5» 58-42 2-50 

18/SS7(A-U4) Boimnl . •• 50-18 j 38-45 2-18 

i 18/848 . . Bltads^e, EeURe . . 8M8 •• “-*7 8-05! 
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1 hftve, however, succeeded in devising another type of diagram 
that enables four constituents to be represented by points. For this 
purpose the garnet molecules are collected into four groups accord- 
ing to their RO radicles as shown in table No. 2, and as follows 

Mavganete-gamdt — 

3MnO.AlaOs>3SiOs 
3MnO.I^iO,.3SiO, 

3Bb!i0.B^bi|03*3Si0| 

Iron-goTHtia — 

3Fe0.Al,0»3IS0t 
3FBO.F0|O^.3SiOg 

lime-garrieta-^ 

3Ca0.Al,0,.3Si0t 
30aO.Fs30j|.3Si02 

Magnesiaiiarpeta — 

3M^AliO,.3SiO, 

These four groups of garnets are placed at the four comers of a 
square. Consequently garnets composed wholly of one group would 
fall at the appropriate comers. Any other garnet composed of 
mixtures of two or more of these groups can be represented by a 
point on one of the sides or within the .square respectively. .Actually 
none of the garnets studied contains molecules belonging to only one 
or two of the above groups, so that all the garnets studied fall within 
the square. 

The method adopted for finding the point corresponding to any 
garnet is to combine the four groups into two adjacent pairs ; thus 
the manganese and iron garnets together and the lime and magnesia 
garnets together. First a point A is found along the side MF in- 
versely proportional to the ratio of total MnO garnets to total FeO 
garnets: then another point B is found along the side CP dividing 
CP in the inverse ratio of CaO garnets to MgO garnets. A and B 
are then joined by a straight line and this line divided at the point G 
in the inverse ratio of total MuO jlw FeO garnets to total CaO plus 
MgO garnets. The point G then represents the composition of the 
garnet plotted. 

It is obvious, however, from inspection of the diagram that the 
point G can also represent a large number of other mixture of garnet 
moleoules. Thus the point representing garnet No. 16 in Plate 22 
represents also the composition of all the garnets whose ratios of 
MnO garnets to FeO garnets lie between the points A'' and A', and 


. Spessartito. 

. Galderite. 

. Bl3rthite. 

. Almandite. 

. Skiagite. 

. Qroesuluite. 
. Andradito. 

. Pyrope. 
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whose ratios of CaO garnets to MgO garnets are represented by 
corresponding points between P and C. It is obvious, therefore, 
that for a given point to represent one garnet only the line AB for 
the particular garnet must be shown in the diagram. 

By using this construction the 12 gamete shown in Table 2 of 
this paper, as also the remaining seven garnets ^ given in Table 7 of 
my 1926 paper have been represented by points in Plate 22. On 
the diagram a curved line has been drawn round the nine garnets that 
belong to either the gondite or the kodurite series. Garnet No. 6 
from Sakrasanhalli is seen to fall within this area, whilst garnet No. 7 
from the Ilmen Mts. falls well outside. 

This diagram thus shows well the relationship of the Sakrasanhalli 
garnet to the garnets of the gondite and kodurite series. 


^ No. 371 from Sarwor. 

No. 14=»X. 10 from Jaipur. 

No. 15=»: 15/181 from Kalahandi. 
No. 16=F. 307 from Kulu. 

No. 17»M. 1538 from Ilazaribagli. 
No. 18«:Garnot from Hazaribagh. 
No. 19:^ Garnet from Katkamsandi. 


EXPLANATION OF PLATE. 

Platb 22. — ^Diagram illuBtrating the composition of Indian garnets. 
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On the Chemical Composition of thb Digcan Trap Flows 

OP LiNGA, OiHINDWARA DlSlinCT, CENTRAL PROVINCES. 

By L. L. Fermor, OB.E., D.Sc., A.R.S.M., F.R.S., 
Director, Geological Survey of India. (With Plate 23.) 


CONTENTS. 

Paob. 

L XHTERODUonott 344 

IL DESCBirnoN or the Spbcxmeks 

Howl 345 

How 2-A 346 

How 2 347 

How 3 347 

General ^ 348 

IIL Chemtoal CkniEosmoH oe the SraoiHBNS 349 

IV. Dl8OC88IOHOEWASfl0E(refO1^8 AEALVnnaffXUiaCAKT^ATS . 354 

V. StnOCABY AND C!OHOLVSIOHS 358 


1. INTRODUCTION. 

As l(»ig ago as 1906, Dr. Fox and I gave an account of the Deccan 
trap flows of langa, in the Chhindwara district, Central Provinces.^ 
The object of that paper was to describe and discuss the mode of 
occurrence of these flows in thejr macroscopic aspect, and we deli- 
berately postponed a discussion of the microscopic and chemical 
charactms of the flows until such time as we should be able to study 
the large collection of specimens we had made. We considered 
it then sufficient to refer to the rocks as basalts and dolerites, and 
to show that the dolerites were integral parts of basaltic lava flows 
and not intrusive sills. Five flows were identified and mapped 
separately, and the general succession of characters in these flo^s 
from base to surface of a typical flow was outlined, the tendency 

^ JUCf 8urv, Ind^, XLV1I> pp. 81-196, (19]6). 
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being for the oentral portions of the floors to be dokritic in textioe 
and the outer portions to be basallio.^ 

In the years that have since elapsed, othor duties have prevented 
either Dr. Fox or myself from undertaking the microscopic study 
projected, so that the intended second paper has not been prepared. 

In additkm to the numerous rock specimens collected daring the 
course of our field work for purposes of microscope study, I collected 
specially, for purposes of analysis, four specimens representing four out 
of the five flows studied. Fach of these specimens was collected firom 
spots where the rocks appeared to be quite fresh and uniform in 
texture and appearance. 

Recently Prof. A. Lacroix was so good as to offer facilities for 
the analysis of these specimens by M. Baoult in Paris, and as it se^ns 
unlikely that either Dr. Fox or I will be able in the near future to 
complete a microscopic study of the suite of rooks as a whole it 
is desiraUe to pubkh now these four analyses and a deseriphkm 
of tlie actual rocks analysed. 

II. DESCRIPTION OF THE SPECIMENS. 

It is convenient first to give an account of the four speoamens 
coUeoted, arranged in ascending older flows, namely flow 1, 
flow 2'A, flow 2, flow 3. The distribution of these flows and the 
localities mentioned below are shown in the map aeoompanying the 
paper b; Dr. Fox and myself.^ The mioroacopio aspect of tbeae 
four specimens is shown in the photewniurogisph of Plate 23 ul 
the present piqper. 

Flow 1. Olivine-dolerite. Rock specimen 24/151. 

Mierosec^ slide 23356. Loeality'.-6or<^|ri|^tat. 

The specimen was selected from a large heap of fragments of 
flesh dolerite round the edge of a well sunk into flow 1, the well 
fint pmreing soft material representing the veejcular tep of this 
flow overfyiug the hard d(d«rite. The well flself wae situated about 
100 yards east of the Bengal-Nagpur Railway line at « point W. S. W. 
of Qoreyghst village, and had evident been newly sunk. 

In htmi «|)eo»9iieH the rook is derfc greykh to hfownish bkek ami notieeaM^ 
GxystaUine, so that the oonstitueatB are diBMXfdhle irith the naked eye, imj taths 
of tebpar being partiovthrly noticeable, as wall as occasional laTger lasifKiiiB fe}ih 
para. 

^ Aoc. ciLf p. 

‘ IfK. Ci7„ Plate ICp 
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Ufider the microscope the rock is seen to be coarse-grained, composed mainly 
of labradorite felspar latlis and prisms, light brownish to brownish grey augite in 
ophitio to 8ub-ophitio relationship to the felspar, large black grains of iron-ore often 
of skeleton shape and enclosing portions of felspar, augite or glass, and a light 
(to darker) brown completely isotropic glass (darker than the augite) in interstitial 
relationship to all the principal minerals. The glass is a primary glass and con- 
tains long minute colourless needles of apatite, as well as sometimes small augites 
and occasional felspar laths. This primary glass has been altered in places into 
greenish yellow to orange-brown palagonite (oLlorophaeite) in which the apatite 
needles are often still preserved ; the palagonite varies from isotropic to anise - 
tropic vnth concentric radiate structures, tending in the latter case to simulate 
geodio structures. There are also in the fresh glass occasional light green spots 
of palagonite, which then suggests delcssito. The black iron-ore is partly almost 
oqui-dimensional .with in places distinct suggestionB of hexagonal outlines, and 
partly in rough bars, tho whole being suggestive of ilmenite plates. In one spot 
in tho glass there is a palagonitic patch with associated nearly colourless skeleton 
prisms of very high refractive index and polarisation recalling sphene and possibly 
the product of alteration of ilmenite. The rook also contained originally a few 
rounded olivine phenocrysts, but those have also been largely palagonitised, rem- 
nants of the olivine being still visible. 

Flov' 2 A. Basalt (somewhat porphyritic). Kook specimen 24/171. 
Microscope slide 23357. Locality— Bisapur Khurd. 

f 

This specimen was collected from an outcrop in the bed of tho 
Kulbehra river, on the south side, at a point about a quarter of a 
mile upsteeam W. N. W. of the village of Bisapur Khurd, and 
opposite the point where a small tributary joins the north or left 
bank of tho stream. The lava flow as exposed at this point appeared 
somewhat layered with a tendency to columnar structure and the 
formation of terrace.s. The specimen was collected from a oolnmnar 
portion about one yard high. 

In hand-apeeimen tbis rook is a black fine-grained rook with scattered pbeno- 
oiyste of felspar of resinous espeot, sometimes in gbmero-porpbyritio aggref^tes : 
minute soatterod latbs can also be seen. 

Under the ndenteope this rook is seen to be much finer grained than 24/151 
(flow 1). There are fairly numerous porphyiitio labradorites in a ground-mass 
oonqHM^ of laths {rfagiodsse, granules of augite, and abundant very dark giey- 
Uaok glass, full of tdiomoiphio black one. These ores are partly in skeleton shapes 
and bars and parUy in square oiystida, suggeeting ^ presence of both magnetite 
and ilmenite. The glass contains also minute colourless laths, presumably apatite. 
Them aie also numerous patdies of green ddeautie palagonite, with persietent bats 
of jUadt oie^ the primary gbss, feJa|>aiB and aqgites having been replaoed. These 
lateen patobM contain bite showing very obad^ the emerald green and straw 
pboohrdsm ci deleasite. In a second aUde most ol the palagonite b ohlort^diadtio^ 
the sBda being otimrwiae simibr. In the two slides (me altered oHvine only was 
dsteotsd. 
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Flow 2. Olivine-dolerite. Kock specimen 24/124. 

Microscope slide 23368. Locality — ^Kiilbehra river» east of 

Dewardha, 

In the Knlbehra river east of Dewardha just after the stream 
has changed in course from an average E. by S. to an average souther' 
ly direction, there is a splendid expanse of dole rites of flow 2, showing 
a rudely columnar structure, with vertical columns jointed into 
angular blocks bounded by plane, concave, and convex surfaces. 

4t one point the flow is exposed in a cliflF 17 feet high, whilst in 
others it forms two or three terraces. The total thickness of 
dolerite is about 36 feet. The specimen tak(‘n for analysis w^as 
broken from a jointed block and is a fresh dark grey dolerite. 

In haml’S^ecinien this lUck is dark greyish black and is distinctly crystalline, 
though slightly less coarse than 24/151 (flow 1). It is non-poiphyritic. 

U»dtsr the microscope this rock is slightly finer grained than 24/151 (flow 1). 

It contains the same primary minerals, namely, olivine, labradoritc, augite, iron- 
ore (? ilmenlte), and apatite. The augite is not, however, in ophitic or sub-ophitic 
relationship to the felspar, but is almost corrosive in its lelation thereto. The 
primary glass is grey instead of brown, is less abundant, and tends to be devitrified 
into units in optic continuity with adjoining fclspais, though still ictaining clouds 
of tiny miorolites. In consequence the primary glass has not usually given rise 
to palagoiiitic alteration products, though in places green (? delessitie) palagonite 
has been found at the expense of felspar, augite and interstitial glass. Tht olivines 
were largo and fairly abundant. In one slide they are now lepresented by largo 
green delessitie psoudomorpbs with residual olivine cotes, lecalhng the delessite 
psoudomoiphs of Bhusawal.' In a second slide the palagonite is orange-brown, 
chloropbaeitic, and the olivines are alteied to c hloropbaeitc instead of delessite ; 
the amount of residual olivine is larger. Tlierct is also in ibis second slide a little 
green palagonite and a delessitie olivine. The rock contains occasional calcilc. 

Flow 3. Basalt. Bock specimen 42/331. 

Microscope slide 23359. Locality - Shikaxpur quarry. 

On* the east bank of the Shikarpur nala where it joins the Knl- 
behra' nala at a point about a quarter of a mile cast of the Bengal- 
Nagpur Baiiway bridge over the Knlbehra, there is a small hillock 
with large jointed blocks of trap which had heen«qoanied for the 
piers of the railway bridge. From this quarry, which is in flow 3, 
the specimen was collected. The quarry showed pentagonal and 
hexagonal columns of basalt dipping at 60° to the S. 35° "W, The 
spot from which this specimen was colketed is only about half a 


* Bee. GtoL Sun, lud., LVni, p. 122, (1926). 


H 
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furlong nortli of the point in the E.ulbohia nala at which tiie bpecimen 
of flow 2 was taken. The rock itself is a dark grey compact basalt 
with felspar phenocrysts^ 

In hand-ape-men the rook is dark greyish black, very fine-grained, with occa- 
idonal small felspar phenocxysts. 

Un^ the meroaeope this rook differs from tho other basaltio specimen, 24/171 
(flow 2A), in the comparative absence of felspar jdienocrysts and the relatively 
snuiO amount of primary glass, which is light brownish in tint, with nnmetous 
miorolites. The iron-ore also is in larger units and is apparently less abundant. 
The augite is on the whole intersertal. Tliere is a fair amount of gieen deleesitic 
pidagonite formed mainly at tho expense of the primary glass. No oUvine was 
detected. 

General. 

These four rocks are thus seen under the microscope all to contain 
lahradorite felspar (of medium acidity), augite, black-ores, primary 
glaes and apatite needles. In addition the two coarser rocks, the 
dolerites, contain large olivines partly altered to chlorophaeite or 
delessite, the character of alteration of the olivine, chlorophaeitic 
or deleasitic, being the same as that of the adjoining pal^nite 
formed at the expense of the primary glass, supporting the view 
advanced as a result of my study of the lavas of Bhnsawal that the 
only sttbstantiab difference between chlorophaeite and dele&site lies 
in the state of oxidation of the iron, ferric for chlorophaeite and 
ferrous for delessite.^ Judging from 24/124 (flow 2) the' conditions 
of oxidation vary from ferrous to ferric even within the small distance 
represented in one thin slice. The presence of palagonite in either 
its deleasitic or chlorophaeitic forms docs not, however, mean that 
the specimens ^elected for analysis are not fresh. Palagonitisatum 
is a late magmatic change normal to the Deccan trap lavas, and 
palagonitic products must be regarded as normal constituents of 
these plateau lavas. 

Washington in his well-known account of the Dcccan traps* 
classifies his Indian specimens, 17 in number, into four textural types. 
One of them is said to be holocrystalline, but this term can only have 
been used in a relative sense, for in my experience holocrystalline 
forms of the Deccan trap lavas are non-existent, and a careful 
search will always lead to the discovery of interstitial glass either 
pnmary or altered. Commonly even tbe coarsest dolerites of either 

> Jtee. Qeok Atn. Jnd., LVIH, p. 1A1. (1928). 

* ‘ Deooan traps anA other plateau Iwsalts,’ Butt. ClenL floe. Amrt., Vol. .%t, 
pp. 765 - 804 , ( 1022 ). 
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flows or aiUa show an aboadanoe of primary glass { e . g ., 24/161 — 
flow 1 — ^in the present case). 

In none of these 17 rocks does Washington refer to the presence 
of palagonite or ohlorophacite. It is exceedingly unlikely, however, 
that such substances were completely absent from all the 17 speci- 
mens studied by him, and I am inclined to think that the y^ow 
glass mentioned as present in some of the specimens in Washington’s 
textural type (h) must have been chlorophaeite. This seenis all 
the more likely because Washington’s specimens showing yellow 
glass include one from Bhaurameta Hill (26/172), which is within 
the Linga tract studied by Dr. Fox and myself. This specimen 
belongs to flow 3 of the present paper, the s 2 )ocimcn here described 
(42/331) containing both primary light brownish glaos and delessitic 
palagonite formed therefrom. 

.4u<^ther point that arises from Washington’s paper is the usi; 
of the term ‘ ophitic ’. In the account of his type (o) the rocks are 
said {I.C., p. 769) to 

‘show a typically ophitic texture, the well-twinned labradorito Iwing in sharp 
tables up to 2 millimeters in length, with anhodral augite inteisertal between them.’ 

This contradiction iii the normal use of the terms ‘ ophitic ’ and 
‘ intersertal ’ arises probably from the fact that many Deccan trap 
dolerites show by ordinary light an apparent ophitic texture under 
the microscojjc. When, however, the • nicols are crossed, the plates 
of augite that appear to envelop the felspar laths or prisms resolve 
themselves into aggregates of augite, and then only occasionally 
is a felspar crystal seen actually projecting into a single augite plate, 
as required hy the true ophitic structure. Wlien the apparent 
ophitic structure is thus resolved on crossing the iiicols, it is perhaps 
des-iirable to call the structure sub-opMlic. This is the sense in 
which I have used this term i?i do.scribing 24/151 (flow 1). In these 
flows of Linga described in tin* present paper, the augite often 
embaj^ mto the felspar as if there has l>een some corrosion of the 
felspar during the crystallisation of the augite. 

C 

111. chemical composition op the specimens. 

For purposes of analysis each selected specimen was broken 
into two pieces, and one piece set aside for analysis. The specific 
gravity of this latter piece was then determined and the whole of it 
ground up for analysis. The powders thus prepared were sent to 
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Professor Lacroix, who ;udly handed them to M. Baoult, by- whom 
the analyses were done. The analyses were thus made on the whole 
of the material used for the specific gravity determinations. The 
results are shown in the following table, with the mean of the four 
analyses,’ and also the analysis of the specimen of fiow 3 given by 
H. S. Washington 


Number of flow 

• 

• 

Flow 1. 

Flow 2A. 

Flow 2. 

Flow 3, 

Mean of 
the four 
analyses. 

Flow 3. 

Number of »peuiTncn 

• 

24/151. 

24/171. 

24/124. 

42/331. 

26/172. 

Name of rock 

• 

• 

Olivine- 

dolerite. 

Basalt. 

Olivlue- 

iliklcrlte. 

Basalt. 


Locality .... 

Goroy- 

gtiat. 

Bisapur 

Khnnl. 

Kulbohra 
Naln K. of 
Dewardlia. 

Shikarpur 

Quarry. 

Bbaiira- 
meta Hill. 

Analyst 

• 

• 

• e 

Naoult. 

ilautiU. 

Itaoutt. 

ItiiUUlt. 

WashlQK- 

ton. 





Per cent. 

Per cent. 

Per cent. 

Per cent. 

I’er cent. 

Per ccnl. 

8iOs . 



e • 

4006 

49*20 

40*08 

49*78 

49-28 

4008 

AIsO, . 


• 

e « 

1106 

11*50 

11*70 

11*80 

11*00 

12*51 

FcsOs . 


« 

it • 

326 

8*11 

2*08 

2*83 

3*04 

2*83 

FeO . 


• 

• • 

11*81 

11*35 

11*72 

11*86 

11*56 

11*71 

MiiO . 



e ■ 

0*22 

0*24 

' 0*22 

0*24 

0*23 

0*23 

MgO , 



« • 

5*01 

4*01 

4*70 

5*13 

4*06 

5*42 

CaO . 



• « 

10*44 

10*60 

10*54 

10*36 

10*40 

10*00 

na,o . 


• 

• • 

227 

2-55 

2*46 

2*76 

2*51 

2*65 

K,0 . 


• 

• a 

0*70 

0*63 

0*78 

0*63 

0*68 

0*30 

H,0+ 


e 


1*82 

1*70 

1*40 

1*08 

1*50 

0*05 

H,0— 


e 


1*08 

0*02 

0*80 

0*52 

0*83 

0*24 

no. . 



« • 

8*20 

8*84 

8*18 

3*20 

3-23 

2*27 

FtO. . 



m • 

0-37 

0*25 

0*88 

0*28 

0*31 

0*37 



TOTAXi 

100*40 

100*80 

100*07 

100*46 

100*81 

09-65* 


Spedfle gravity 

s-ess 

2*048 

8-00 

8*007 

2*972 

2*075 


The first point that strikes one about these four analyses is the 
extraordinary closeness in composition of the four rock-specimens, 
the maximum departure of any constituent from the mean being 
O'fiO per cent. (SiO|). Prom this one is entitled to deduce not 


• iDdiidci 80s, 0*00. 
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only that the specimens were fresh, but that each specimen repre- 
sented clearly the composition of the flow from which it was taken, 
in spite of the fact that two of the specimens were dolerites, and 
two of them basalts, representing on the average different levels in 
flows of standard range of texture^ the dolerites corresponding more 
closely with the middle section of the typical flow than the basalts. 

Bemembering that the first and third analyses represent olivine- 
dolcrites and the second and fourth analyses basalts in which olivine 
is extremely scarce or absent, one can compare the analyses to sec if 
either difference of mineral composition (».e., mode) or of texture 
is represented by any appreciable difference in the corresponding 
chemical analyses. The means are as follows : - 




— 




Two olivino-doloritcfl. 

Twct LasaltH. 







Per cent. 

l*cr fcmt. 

SiOj 


• • 




4'J07 

49*40 

Alj< )j| 


• • 




Jl-72 








:m2 

2-«7 

Vri) . 






11*52 

li*0l 

AfiiO . 






0*22 

0*24 

. 






4*<.H) 

5*02 

CiiO . 






10-41> 

1(»*48 

\«,<) 







2*05 

KjO . 







0*03 








1*39 

},!/>- 







0*72 

l iOj . 






:m9 

3*27 







0*35 

0*20 




Total 


100*23 

100*38 


Specific gravity 

• 

• 


2-:)07 

2»7 


Taking notice of differences only in those constituents in which 
both members of the pair providing the average figure vary in the 
same direction from both members of the other pair, the chief 
difference between the average comjiosition of the dolerites and the 
basalts are that the dolerites are lower in Si02 ((>’42), MnO (0‘02), 
NsjO (0*29) and Ti02 (0*08), and higher in K 2 O (0*11) and PjOj 
(0*09). The presence or absence of olivine is not reflected in any 
significant variation in the . amount of MgO. Whether the lava 
lias consolidated as an olivine-dolerite or a basalt is, therefore, 

* I'crmer ft Fox, Fee. Geoi. Surv. lud., XLVIl, p. 09, (1910). 
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apparently due not to diHerences in chemical compodition and 
thna caoi be due only to dififcrencea in couditiona of consolidatmn. 
'J%e dower cooling of the doleritic sections of the interior of flows 
has not even resulted in a markedly greater approach to a holo- 
cryatalline texture, but only to the mineral unitb including the inter- 
stitial glass being on a coarser scale, and to the appearance of oli- 
vines.^ The formation of palagonite, both delessitic and chloro- 
{diaeitic, must be regarded as a late magmatic change occurring 
within the flow during consolidation, and effected by the magmatic 
water ccuitained in the flows.^ It is suitable that the average total 
wat» in the dolerites is somewhat higher than in the basalts, where 
the opportimity for (>8cape most have been greater. 

It is, in fact, not until one calculates the norms of these rocks 
that can one detect any appreciable diffemico between the four 
flows. The norms are as follows 




Flow 1. 

Flow 2A. 

Flow 2. 

Flow 8. 

Mean 

Flow 3. 







oi me 








four 

26/172 



24/151. 

24/171. 

24/124. 

42/331. 

(Aaoult). 

(WaBhlmi!- 







ten). 

QiiiiHis . . f . 


5-40 

■■ 

3*18 

2*40 

3*60 

■lil 

Ortlioflase . 


3-80 


4*45 

3*80 

3*80 


Albitc .... 


ld-89 


20*06 

23*06 

20*90 


Anorthltc 


10*40 


1800 

18-07 

18*00 

Ira 

DIopHMo 


24*18 

27*19 

26*35 

26*64 

26*28 


HypCTsttiene 


1.1*70 

12*00 

13*00 

14*12 

13-20 


Maunniito . 


4*04 

4*41 

4*41 

4*18 

4*41 


llnienlt« 


6*08 

6*23 

0*08 

6*08 

6*08 

4*41 

Apatite 


0*03 


0*62 

0*62 

0*62 

0*93 



1*82 

1*70 

1*40 

1-08 

1-58 

0*95 

HjO— 

HO, ... . 


1*08 

0*92 

0*80 

0*62 

0*88 

0*24 




•• 

•* 

•• 

0*09 

TOTAL 

• 

100*67 

100*17 

100*16 

100*62 

100*35 

00*59 

TOTA& AliKAU-VieLSPAKS 


23*28 

26*37 

25*41 

26*96 

24*86 

24*20 

Total rvLSPARs . 


42*74 

43*44 

44*31 


43*75 

45*61 

T<*TAX| PVnOXKNRB 


37*88 

39*19 



30*48 

30 64 

Total moN-oRRs . 


10*72 

10*64 




8*60 

TCTAIi watir 

• 

2*90 

2*62 

2*20 

1*60 

2*41 

1*10 

HpeoiSc gravity 

• 

2*985 

2-04$ 

8*00 

3*007 

2*972 

2*075 


^ The proBence of olivino iti the doleritic section of a flow might bo due either to 
gravitalire settling from the upper baaaltic section of a flow, in which case the olivine 
was* probably iutra^teiiurio in origin as has been doduoed from the Bhusawal flows [ Bec^ 
QeoL Bunu Ind,, LVIII, pp. 200, 203, (1023)*], or to the local conditions of consolidation, 
in vtdoh case the olivine was not intfa-tellnric. In the present casCs the absence of 
appreciable chemical difference liotween the doleritic and basaltic flows supports the view 
that hero the olivine is not intra-iolluric. 

* As was also deduced for the Bhusawal flows i ,€koli Burv» /ud., LViIl> p. 212, 
(1925). 
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The catculatwns have been made in accordance with the methods 
described in the ‘ Quantitative Classification of Igneous Rocks ’ 
1903, utilising the tables of molecular propcrtions given therein. 
These norms differ from the modal composition of the rocks in the 
following points ; they all show quarts, which has not been detected 
in the mode •, consequently they show no olivine, which is seen 
prominently in two and rarely in a third rock in the mode ; the 
total of alkali felspars is slightly in excess of the anorthite, corres- 
ponding, if the whole of this material were in the plagioclasc, to a 
felspar slightly more acid than Ab^Ani, whereas the plagioclase is 
a labradorite somewhat more basic than Ab^ Aii] ; further the nm-m 
shows, of course, no interstitial glass. I have shown the water 
as an additional constituent in the norm as at least a portion of this 
was presumably a part of the magma. The differences betwcfn thr- 
norm and the mode arc probably largely due to the interstitial 
glass in the latter, which may have contained a portion of the alkalies, 
any surjdus SiO^, and some water, in addition to other constituents. 
The water shown, especially that driven off above lt>5“ (?., was avail- 
able in the rocks as the latter cooled to effect late magmatic changes, 
such as the formation of chloiophaoite and dekssite. Each 1 jer 
cent, of water in the rock equivalent to about 4 jtr ctrt. of 
chlorophaeite or 7 to 8 per cent, of delessite. 

On comparing the four norms of flows I, 2A, 2 and 3 (Racult’s 
analyses), one observes, which was not anticipated, that there is a 
small but definite change in normative composition from helcw' 
upwards. The normative quartz decreases progressively, the oitho- 
clase remains constant, the albite increases almost regularly, whilst 
the water (both total and -t-106'’) decreases regularly. Groupiug 
certain minerals together, the total alkali felspars, os well as the total 
of alkali plus lime felspars, increase steadily, as also do the total 
pyroxenes. The total iron-ores fall very slowly. 

These changes in the norm are so regular that it seems not un- 
likely that they point to a regular progressive cljange in the com- 
position of tlm liquid in the magma-reservoir from which these 
flows were derived. The change takes the form ol a steady decrease 
in the normative quartz and total iron-ores, and a continuous in- 
crease in the totiJ alkali-felspars, total alkali plus lime felspars, 
and total pyroxenes. 

These results indicate the importance of the norms in detectinj^ 
progressive changes in the c(nnpositi<nx of a magma, in cases where 
the rocks are so similar that neither the chemical analyses nor the 
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rocks as ol)servwl under the microscope sliow any significant direc- 
tional change of composition. 

The failure of Washington’s analysis, either as such or when 
calculate into the norm, to agree with the present analysis of the 
same flow, or to fall into its proper place in the series of norms, may 
indicate either that the specimen sent to Washington for analysis 
was not collected with the same care as my four specimens, or that 
the technique of Washington’s analytical work differed in some 
respect from that of Raoult in Paris, so as to produce a small but 
definite difference in certain constituents. Compared with the rocks 
analysed in Paris, Washington’s analysis is markedly low in K^O, 
Ti02, and water, and high in Alj-Os. As a result the norm corres- 
ponding to Washington’s analysis is low in orthoclase, ilmenite and 
water, and high in anorthite, with less diopside and more hyper- 
stheoe. 

IV. DISCUSSION OP WASHINGTON’S ANALYSES OF DECCAN 

TRAPS. 

The subject is perhaps not strictly germane to the present paper, 
but the opportunity is suitable for discussing the 11 analyses of Dec- 
can traps shown in Washingto’s T vb le I.^ The mean of the 11 
analyses is also shown in thisn table. 

In the first place. No. 21 from the Rajraahal hills does not 
belong to the Deccan trap, but to the Rajmahal trap, which is 
considered to be of Jurassic instead of Uppermost Cretaceous age. 

The remaining ten analyses can bo arranged into two main groups. 
Four of them, namely 1.5, 16, 13, and 12, represent flows in the 
Satpura hills of the Central Provinces, all from localities that I 
have personally visited, and localities where the Deccan trap flows 
belong to the basal section of this formation, as do the four flows 
from the Linga tract already discussed in this present paper. Of 
the re ma i ning six, the Kajahmundry analysis can be sot aside as coming 
from an outlier of the Trap very distant from the main spread of 
the Deccan trap formation. Of the remaining five analyses four 
belong to the Bombay Presidency and probably to the Upper Traps, 
whilst the fifth belongs to Central India. The four Bombay speci- 
mens may be divided into two groups on the basis of their Ti 02 
contents, the Kolhapur, Bombay Island and Cutoh sp^imens all 
showing low Ti02, whilst the specimen from Igatpnri is high in 
TiOj. Exdudmg Washington’s analysis of Bajmahal trap, the re- 
mmuing analyses can be grouped as follows : — 

^ Loe. eA., p. 774. 
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Comparing tho mean of the four Lower Traps from the Central 
Provinces with the memi of the three low>titania Upper Traps from 
Bombay, we see that the Upper Traps show higher SiO^ and Al^Os 
and lower MnO, MgO, CaO and TiOj than the Lower Traps. The 
total iron and the water contents arc substantially tltc same. The 
Igatpuri specimen, though coming from a liigh altitude and un> 
doubtedly to be' referred to the Upper Traps, is close to the Lower 
Traps in composition, differing significantly therefrom only in its 
high MgO and K^O. 

By compaiing with the two averages of the Lower Trapi> and 
Upper Traps it is seen that both the Central Indian rock and the 
specimen from Rajamundry in Madras arc closely allied in composi- 
tion to the lower Traps and significantly differeiui from the Upper 
Traps. Thus whilst the Central Indian analysis shows no important 
difference from the Lower Traps of the Central Provinces, it is low 
in 8i02, AI2O3, Na20, and K2O, and high in MuO and TiOa as com- 
pared with the Upper Traps of Bombay. Similarly the Rajamundr}' 
analysis differs from the C\ P. Lower Tiaps only in being low in 
AI2O3 and water and higher in TiOs ; whilst from the Upper Traps 
of Bombay it differs by being low in SiO„ still lower in AI3O3, low 
in Na20, KgO and water, and high in MgO and CaO, and very high 
in TiOj. 

If analyses can be utilised as a guide then undoubtedly the 
Rajamundry trap and the Central Indian trap belong to the Lower 
Traps. 

following table shows the analyses and norms emresponding 
to the various groups of Washiogton’s analyses -shown above, and 
also to the average of Raoult’s four analyses r — 
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LOWKR TRAPS. | 

UPPER TUAPit. 1 

LOWER TRAPS. 


MBAN 0? 

Kaoult's 

4 ABA- 
ITSBH. 

MBAB Of 

4 ANA- 
LYaSH 
(WAODlKa- 
TON). 

Mban ot 

8 ANA- 
LYBEa 
(NVabhinq- 

TON). 

Onb 

ANALY81B 

(Wabuino- 

TON). 

onk 

ANALYBIB 

(Wariiino- 

TON). 

One 

ANAIiYSIB 

(lYABttlNO- 

TON). 


OJUiinU- 

wara 

district, 

C. P. 

Four 
aistricia 
of the 

0. P. 

Bombay 

Presidency. 

Ifiatpuri, 

Ikmibay 

Presi- 

dency. 

Nimacb, 

C. 1 . 

Raja- 

mnndry. 

Madias. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per t^ent. 

Analynes, 







WO, 

AI.O, 

Fp,0, 

FcO 

AlliO 

MfiO 

rao . v . 

Ka,0 

K,0 

11,0+ .... 

H,0- .... 

TIO, 

i*«o. 

40*28 

11*00 

8*04 

11-50 

0-28 

400 

10-40 

2- 51 
0*08 
1*60 
0*83 

3- 23 
0-»t 

40*51 

18-05 

3-00 

10*39 

0-22 

6*71 

10*18 

2-26 

0*51 

1-00 

0-32 

2-34 

0*37 

61*09 

14*72 

2- 83 
10*87 

0*11 

41H 

8*20 

3- 2r> 
0*93 
2*01 
0*58 
0*03 
0-42 


50*12 

13-62 

3*09 

9*19 

0-18 

6*42 

9*07 

2-42 

0*60 

1*46 

0*14 

2-40 

0*29 

49*90 

11*98 

4*66 

9*83 

0*16 

6*80 

9*80 

2*23 

0-47 

0-89 

0*33 

3*70 

0*21 

TftTAli 

100*31 

09*02* 

100-42 

100*18 

90-84t 

09*07 " 

TOTAL Al,Oa+TUK 

14*02 

16-30 

16-35 

15*30 

16*98 


Total FcOH FeO 

14*00 

13*45 

13*70 

12*57 

18*18 


K,0 

3-10 

2*76 

4*18 

8*12 

2*98 


KjO + Ka.O 

*271 


0*280 

0*418 

0^1 

0*211 

■ftlltlllill 

•s|rf 

i 

- . - • 

8 -eo 

3*80 

20-00 

18*00 

20*28 

18*20 

4*41 

0*08 

0-02 

1*58 

0*88 

4*68 

2*78 

18-80 

24*19 

10*70 

17*06 

4*41 

4*41 

0-98 

1*90 

0-82 

2*40 

5-56 

27-25 

22*80 

12*84 

20*67 

4*18 

1-22 

0*93 

2*01 

0*68 

5*34 

5*60 

18*84 

21*13 

10-80 

16*63 

6-50 

6*98 

0*62 

0*70 

0*81 

5-70 

8*34 

20*44 

24*19 

19*82 

18*94 

6*80 

4*71 

0*62 

1*40 

0*14 

7*74 

2*78 

18*86 

21*40 

20*78 

12*49 

6*60 

7*14 

0*62 

0*87 

0*83 

TOTAL 

100-86 

9092 

~00*84 

100*20 

99-841 

99-46 

SpcciOc giavMy 

'i-orr 

' 29*69 

2-012 

2-954 

^ 2*908 

2*986 

Tociii AiKAu*nigrAiia 

24*86 

21*04 


28*9<h 

2878*^ 

21*04 

TOTAL fiur ABO . 

48*76 

46*88 

66 * 01 "^ 

46*03 

«-»7 

48*04 

TOTAL OTIOBXNBO 

8?4S^ 

37*86 

88*41 

86*83 

83*26 

88*22 

TOTAL IBOK-WM . 

10*40 

8*82 

6*40 

12*48 

10 * 61 "' 

18*64 

TOTAL VATBB 

2*41 1 

2*81 

2*69 

1*61 

1*60 

I’W 


• Including 0'02 80|. 
i InclndteiMS Ri5aadA*ag80t. 
% InSading 0*08 BaO and 0*00 80a« 
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V. SUMMARY AND CONCLUSIONS. 

1. In a paper published in 1916, Dr. Fox and T gave an account, 
with a map, of the macroscopic aspects of five Deccan trap lava 
fl.ow8 in the Linga tract of the Chhindwara district. Central Pro- 
vinces. 

2. Other work has prevented the laboratory study that was 
intended of the collections then made. 

3. Specimens of four flows were, however, collected at the time 
for purposes of analysis, and these specimens have now been analysed 
by M. Raoult of Paris with the kind concurrence of Prof. A. Lacroix. 

4. The four specimens representing, from below upwards, flows 
1 , 2A, 2 and 3, consisted alternatively of olivine-dolerites (flows 1 
and 2) and basalts almost devoid of olivine (flows 2A and 3). 

5. Apart from olivine., the minerals present in all four flows are 
acid labradorite, angite, iron-ore (ilmenite and magnetite), apatite 
and interstitial glass, with secondary palagonite (either chloro- 
phaeitic or delessitic) regarded as late magmatic in origin and as, 
therefore, forming an integral part of the fresh rock. 

6. In spite of the mineral and textural diflcrences of the four 
rocks the analyses are remarkably close to one another, and in no. 
chemical constituent do they show an^ substantial departure from 
the mean. 

7. On calculating the norms of these four rocks it is found, how- 
ever, that although they all fall into the same sub-range of the quanti- 
tative classification, namely camptenose (III, 5, 3, 4), yet there is a 
slight progressive change from below upwards. In terms of nor- 
mative minerals there is a continuous decrease in quartz, total 
iron-ore (slight), and total water, and a continuous increase in 
alkali-felspars and total pyroxenes (slight). Thest*. point to corres- 
j)onding slight changes in the composition of the residual magma 
after each eruption. 

8. The fact that the four analyses are so similar, and yet when 
thus interpreted can be shown to indicate a subtle progressive change 
in the magma, must be held to mean that in the case of a lava flow 
that -has been very fluid and therefore well mixed, and yet has subse- 
quently cooled fairly quickly, so that substantial changes of bulk 
composition have not been produced by gravitative settling of the 
first-formed minerals, then each carefully selected fresh specimen 
can be utilised to give a fair idea, of the chemical composition of the 
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vdiole flow. The alternative ie to regard the results yielded by the 
four analyses as due to a lucky fortuitous selection of four specimeiis 
in the field, which seems highly improbable. 

9, As one of the specimens included in Washington’s study of 
Deccan traps is from one of the Linga flows studied in this paper 
(flow 3), a comparison between the two sets of analyses is rendered 
^wssible on the assumption that the specimen sent to Washington 
was as carefully selected as those sent to Paoult. The most marked 
diflerence between the two analyses is that Baoult’s analysis shows 
(>•71 per cent, less Al20^ and 0*93 per cent, more TiOg. As the four 
flows as represented by Raoult’s four analyses range in AI2O3 con- 
tents only between 11-50 and 11*80 per cent, and in Ti02 contents 
only between 3’18 and 3*34 ]jer cent., whilst Washington’s values 
are 12*61 i»cr cent, and 2*27 jier cent, respectively, it is possible that 
there i^ a difference, in chemical tec.hniquc l)ctwepn tlie two labora- 
tories so that in one case Ti02 is included with AI2O2 or vice versa. 

10. After excluding one of Washington’s eleven analyses as 
re})re6enting^ the Bajmahal traps (Jurassic) and not the Deccan 
traps (Upper (hctaceous), the remaining ten analyses are arranged 
on geographical grounds into two groups representing respectively 
the Lower Traps and the Upper Traps. On the whole the Lower 
Traps are lower in Si02, AI2O2, and alkalies, and higher in MnO 
and Ti02, than the Upper Traps. Comparing the mean of Washing- 
ton’s four analyses of Deccan traps from the Lower Traps of the 
Central Provinces, with the mean of three analyses of Deccan traps 
from the Upper Traps of the Bombay Presidency, it k seen, on 
converting these analyses into the corresponding norms, that tho 
differences correspond in direction, except in pne constituent, with 
the small progressivo changes detected in the four Linga flows as 
follows 



Quarts 

Total alkalMolapars 
Total folapara 
Total pyroxenes . 
Total iron-orea . 


RAUULT'S ANALYSES. 

LINOA FLOWS, C. V. 

(Jjoynai Tjiapb). 
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flow. 

flow. 

I’cr cent. 

Ver cent. 

5-40 

2-40 

23'28 

2C-l)r» 

42-74 

46-02 
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40-60 

10-72 

10'20 


WASHINGTON'S 

ANALYSES. 
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Thruo 
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Trails, 

Bombay. 

Per cent. 

Per cent. 

4-68 

2-40 
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56-01 
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8-82 
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In both seta the quartz and total iron-orca fall oa one paaaea upwards 
in the Trap aeries, whilst the total alkali Mapats and the total 
felspars rise, the difference between the total fd8))ara of the Lower 
and Upper Traps and between the total iron-ores of the Lower and 
Upper Traps being ranch greater than between the lowest and the 
highest of the linga traps. The pyroxenes in the two cases have, 
howover, changed in opposite directions, due to substantially lower 
CaO in the Upper Traps as compared with the Lower Trajjs. 

On the whole it is evident that the progressive changes shown in 
the norm of the four Linga flows represent on a minor scale the pro- 
greasive change in compositiou of the Deccan trap flows as a wlmle 
from Lower to Upper Tra^js leading to a progressive modification of 
the magma with increasiug alkalies and uluminai a trend which mtiy 
have possibly resulted in the formation of the ackl and alkaline rocks 
of Kathiawar and Pavagadh Hill. 

11. From a comparison of two analyses of traps from Rajamundry 
and Central India with the means for Lower Traps and Upper 
Traps, it is deduced that these two rocks probably belong to the 
Lower Traps. In, making this deduction a certain amount of caution 
is necessary, because one of the analyses of Upper Traps ^Igatjrari) 
is in many respects similar to those ..of the Lower Traps. The 
abnormally high MgO and KgO seem, however, to distinguish the 
Igatpuri specimen from the otherwise chemically similar Lower 
Traps. 

EXPLANATION OF PLATE. 

Fiats 23. Fhutomiorugraphs : — 

Fid. 1. 0!tTin«.(lolerite (flow 1) fr^^m (ioroyghat. Mi'iosoope sli'lo 23356 X 34. 

Fxo. 2. Basalt (flow 2 A) from fiisapur Kburd. Microsoopo slide 23357 x 34. 

Fxo. 3. Olivioe-dolerite (flow 2) from Kuibeiua Birer. Microscope slide 
23358 X 34. 

FiO. 4. Basalt (flow 3) from Shikarpar. Microscope slide 23369 X 34. 
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MISCELLANEOUS NOTE 

Quarterly Statistics of Production of Coal, Gold and Petroleum 
in India : April to June, I9J4. 

God. 


— 

April. 

May. 

9 II no. 

Quaileily 
total fur each 
Province. 


Tons. 

Tons. 

Tuns. 

1 UlLS. 

.... 


14,872 

13,232 

41,051 

BaluchiHiun .... 

1,479 

1,797 

64.5 

3,801 

Boiigiil . 

r)lH,S31 

r)»3,5K4 

486,913 

1,640,328 

Bihar and UriKaa • « 


1.1 01, 09. » 

1,018,145 

3,155,029 

(!ci)traJ l*roviiic*< s • 

120,51 <> 

I29,22(i 

109,008 

988,950 

I'liijjal) . • • • 

ll,(i»S 

jr>,->2(i 

12,000 

38,014 

'ro'i’AL 

1.709,854 


1,640,503 

5,147,127 

Gold. 

— 

April. 

^r.ly. 

•Juno. 

C^iiartorly 
total fur each 
C\iiiipany. 


Ozs. 

( )'/S. 

0/.S. 

0/.S. 

The Mysore Gold Mining Oo., 
Ltd. 

7,f>32 

7,784 

7,5311 

22,855 

The Champion lleof Gold Minos 
of India, Ltd. 

5,302 

5,014 

5,001 

16,517 

The Ooregaum Gold Mining 
Company of India, Ltd. 

4,098 

4,10.5 

4.2(K» 

12,433 

The Niindydroog Mines, TAd. . 

0,217 

0,440 

0,220 

27,025 

Total . 

20,110 

27,042 

26,560 

79,730 
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Petroleum. 


— 

Petroleum. 

Petrol. 

• 

Gallons. 

Gallons. 

Assam 

15,243,951 

Nil. 

Burma 

64,611,826 

2,090.469 

Punjab ........ 

8:10,000 

130,130 

Total 

80,691,777 

2,220,605 


L. L. Fbkmok. 
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G. S. A, Calcutta. 


DIAGRAM ILLUSTRATING THE COMPOSITION OF INDIAN GARNETS. 




geological survey of INDIA. 



FIG. 1. -24151 : slide 23366. (x 34). 
FLOW 1 . OLIVINE-DOLERITE, Goreyghat. 


Records, Vol. LXVIII, H. 23. 



FIG. 2.— 24171: slide 23357. (X34). 
FLOW 2 A. BASALT, Bisapur Khurd. 



FIG. 3.-24124: slide 23858. (X34). 
FLOW 2. OLIVINE-DOLERITE, near Oewardha. 



FIG. 4. “ 42‘331 : siide 23359. (x 34). 
FLOWS. BASALT, Shikarpur quarry. 


M. S. Krishnan S. N. Das, fkatmUns. 


0, S. /., Ca/(utta. 



Vou 1B77, 

Part 2 {oat Annual report for 1876. Geological notes on Great Indian Desert between 

Sind and Rajpntana. Cretaceous genua Omphalia near Nameho lake, Tibet, about 75 
miles north of Lbassa. Estheria in Gondwana formation. Verfobrata from Indian tertiary 
and secondary rocks. New Emydine from the upper tertiaries of Northern Punjab. 
Observations on under-ground temperature. 

Part 2 {out of pnitO^-^^l^ocks of the Lower Godavari. ‘ Atgarh Sandstones ’ near Cuttack. 
Fossil floras in India. New or rare mammals from the Siwaliks. Aravali series in North- 
Eastern Bajputana. Borings for coal in India. Geology of India. 

Part S {out of print ), — ^Tertiary zone and underlying rocks in North-West Punjab. Fossil floras 
in India. Erratics in Potwar. Coal explorations in Darjiling district. Limestones in 
neighbourhood of Barakar. Forms of blowing machine used by smiths of Upper Assam. 
Analyses of Baniganj coals. 

Part 4 {out of print ), — Geology of Mahanadi basin and its vicinity. Diamonds, gold, and lead 
ores of SambaJpur oistrict. * Eryon Comp. Barrovensis McCoy, from Sripermatur group 
near Madras. Fossil floras in India. The Blaini group and 'Central Gneiss’ in Simla, 
Himalayas. Tertiaries of North-West Punjab. Genera Cboeromeryx and Bhagathcriuni. 

VoL. XI, 1878. 

Part 1 , — ^Annual report for 1877. Geology of Upper Godavari basin, between river Wardha 
and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, and Pangi. Siwalik mam- 
mals. PalsBontological relations of Gondwana system. ' Erratics in Punjab.* 

Part 2 (out of print ), — Geology of Sind (second notice). Origin of Kumaun lakes. Trip over 
Milam Pass, Kumaun. Mud volcanoes of Bamri and Cheduba. Mineral resources of 
Bamri, Cheduba and adjacent islands. 

Part 3 (out of print ), — Gold industry in Wynaad. Upper Gondwana series in Trichinopoly and 
Nellore-Kistna districts. Senarmontite from Sarawak. 

Part 4 , — Geographical distribution of fossil organisms in India. Submergod forest on Bombay 
Island. 

Voi^ XIT, 1879. 

Part 1 , — ^Annual report for 1878. Geology of Kashmir (third notice). Siwalik mammalia, 
Siwalik beds. Tour through Hangrang and Spiti, Mud eruption in Bamri Island (Arakan). 
Braunite, with Rhodonite, from Nagpur, Central Provinces. Palseontological notes from 
Satpura coal-basin. Coal importations into India. 

Part 2 (out of print ), — Mobpani coal-field. Pyrolusite with Psilomelane at Gosalpur, Jabalpur 
district. Geok.gical reconnaissance from Indus at Kushalgarh to Kurram at Thai on 
Afghan frontier. Geology of Upper Punjab. 

Part 3 (out of print ), — Geological features of northern Madura, Padukota State, and southern 
parts of Tanjore and l'richmop<j^y districts included within limits of sheet 80 of Indian 
Atlas. Cretaceous fossils from Trichinopoly district, collected in 1877-78. Sphenophyllura 
and other Equisetacen with reference to Indian form Trizygia Speciosa, Boyle (Sphono* 
phyllum Trizygia, Ung.). Mysoriii and Atacamito from Nolloro district. Corundum 
from Khasi HUls. Joga neighbourhood and old mines on Nerbadda. 

Part 4 , — ' Attock Slates ’ and their probable geological pasition. Marginal bone of un^^e- 
Bcribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of North 
Arcot district. Road section from Murreo to Abbottabod. 


VoL. Xm, 1880. 

Part 1 , — Annual report for 1879. Geology of Up^ Godavari basin in neighbourhood of 
Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes from BAmri 
Island and Punjab. Fossil genera N^ggeratbia, Stbg., Nfiggeratbiopsis, Fstm., and Bhipto- 
zamites, Schmalb., in paleeozoio and secondary rocks of Europe, Asia and Australia. Fossil 
plants from Kattywar, Shekh Budin, and Sirgujah. Volcanic foci of eruption in Kouhan. 

Part Geological notes. Palieontoiogical notes on lower trios of Himalayas. Artosian uelJs 
at Pondicherry, and possibility of finding sources of water-supply at Madras. 

Part 3 , — Kumaun lakes. Celt of paleolithic type in Punjab. Paleontological notes from 
Karbarbari and South Bewa cod-fiolds. Correlation of Gondwana flora with other floras. 
Artesian wells at Pondicherry. Salt in Bajputana. Gas and mud eruptions on Arakan 
coast on 12th March 1879 and m June 1843. 

Part 4 (out of pnnf).<- Pleistocene deposits of Northern Punjab, and evidence they afford of 
extreme climate during portion of that period. Useful minerals of Arvali region. Correla- 
tion d Gordwana flora with that of Australian coal-bearing system* Beh or alkali soils 
and saline w^ waters. Beh soils of Upper Ixulia. Naini Tal landslip, 18tb September 
1880* 
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VoL. XlVt 1881. 

Part 1 . — Annual report for 1880. Geology of part of Dardistan, ]laltistan» and neighbourfa^ 
districts. 8iwalik carnivora. Siwalik group of Sub-Himalayan region. South Rewan 
Gotidwana basin. Ferruginous beds associated with basaltic rocks of north-eastern Ulster* 
in relation to Indian laterite. Bajinahal plants. Travelled blocks of the Punjab. App^- 
dix to * Pakeontological notes on lower trias of Himalayas *. Mammalian fossils from Perlm 
Island. 

Part 2 (out of print), — Nahau-Siwalik unconformity in North-Western Himalaya. GondwaM 
vertebrates. Ossiferous beds of Hundes in Tibet. Mining records and mining record 
office of Great Britain ; and Coal and Metalliferous Mines Act of 1872 (Bn'jrland). Oobaltite 
and danatite from Khetri mines, Kajputana; with remarks on Jaipirrite (Syepoorite) 
Zinc-ore (Sroitiisonite and Blonde) with barjrtos in Karnul districts, Madras. Mud eruption 
in island of Choduba. 

Parts (out of print ), — ^Artesian borings in India. Oligoclaso granite at Wangtu on Sutlej, North- 
West Himalayas. Fish-plate from Siwaliks. Palaaontological notes from Hazaribagh 
and Lohardagga districts. Fossil carnivora from Siwalik hills. 

Part 4 (out of print ), — Unification of geological nomenclature and cartouraphy. Geology of 
Aravali region, central and eastern. Native antimony obtained at Pulo Obin, near 
Singapore. Turgite from Juggiapett, Kisinah District, and zinc carbonate from Karnul* 
Madras. Section from Dalhousie to Pangi, vid Sach Pass. South Rewah Gondwana basin* 
Submerged forest on Bombay Island. 


VoL. XV, 1882. 

Pari 1 (ota of print ), — Annual report for 1881. Geology of North-West Kashmir and Khagan* 
Gondwana labyrinthodonts (Siwalik and Jamna mammals). Geology of Dalhousie, North- 
West Himalaya. Palm leaves from (tertiary) Murrec and Kasauli beds in India. Iridos- 
mine from Noa-Dihing river, Upper Assam, and Platinum from Chutia Nagpur. On (1) 
copper mine near Yongri hill, Darjiling district : (2) arsenical pyrites in same neighbour* 
hood; (3) kaolin at Darjiling. Analyses of coal and fire-clay from Makum coal-field. 
Upper Assam. Experiments on coal of Pind Dadun Khan, Salt-range, with reference to 
production of gas, made April 29tli, 1881. International Congress of Bologna. 

Part 2 (out of print ), — Geology of Travancoro State. WarkiUi beds and reported associated 
deposits at Quilon, in Travancore. Siwalik and Narbada fossils. Coal-boaring rooks of 
Upper Rer and Mand rivers in Western Chutia Nagpur. Pench river coal-field in Chhind- 
wara district. Central Provinces. Boring for coal at Engsein, British Burma. Sapphires 
in North-Western Himalaya. Eruption of mud volcanoes in CKeduba. 

Part 3 (out of print ), — Coal of Mach (Much) in Bolan Pass, and of Sharigb on Harnai route 
between Sibi and Quetta. Crystals of stiibite from Western Ghats, Bombay. Traps of 
Darang and Mandi in North-Western Himalayas. Connexion between Hazara and 
Kashmir series. Umaria coal-field (South Rewah Gondwana basin). Daranggiri coal-field, 
Garo Hills, Assam. Coal in Myanoung division, Heiizada district. 

Part 4 (out Coal-fields of Mysore. Borings for coal at Boddadanol, Godavari district, 

in 1874. Supposed occurrence of coal on Kistria. 


VoL. XVI, 1883. 

Part I. — ^Annual report for 1882. Riohthofonia, Kays. (Anomia Lawrenoiana, Koninok)* 
Geology of South Travancore. Geology of Chamba. Basalts of Bombay. 

Pari 2 (out of print ), — Synopsis of fossil vortebrata of India. Bijori Labyrintbodont Skull 
of Hippo^herium antilopinum. Iron ores, and subsidiary materials for manufacture of 
iron, in north-easten) part of Jabalpur district. Laterite and other manganese-ore occur- 
ring at Gosulporo, Jabalpur district. Umaria coal-field. 

Part 8 (otd of pnnQ.-^Miorosoopio structure of some Dalhousie rooks. Lavas of Aden. Pro- 
bable ooourrenoe of Siwalik strata in China wd Japan. Mastodon onratidens in India. 
Traverse between Almora and Mossoorree. Oietooeous eoal-measures at ^rsora in Ehoria . 
HiUs, near Laour in Sylbet. 

Part 4 (out of pirtnf).— Palasontologicol notes from Daltonganj and Hutar ooal-fielda lA Ohota 
No^ur. iutered basalts of Dalhousie r^on in North-Western Himalayas. Microsoopio 
structure of some Sub-Himalayan rooks of tertiary ago. Geology of Jaunsor and Lower 
Himalayas. Traverse through Eastern Ehasio, Jaintia, and North Caohar HiUs. Native 
lead from Maulmoin and chromite from the Andaman Islands. Fieiv eruption from one 
of the mud volcanoes of Oheduba Island, Arakon. Irrigation from wells in North-Wettam 
Provinces and Oudh. 
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VoL. XVn, 1884. 

PaH 1 (OPi of pftnO«*~-Ai)Xiual report lor 1883. Smooth-water anchorages or mud-banks of 
Karrakal and AUeppy on Travancore coast. Billa Surgam and other caves in Karnool 
district. Geology of Chuari and Bihunta pavganas of Chamba. Lyttoida, WaageOt 
in Kuling sen’eis of Kashmir, 

Port 2 (c/ul ojf prinf).— Earthquake of Slat December 1881. Microscopic struoturo of some 
Himalayan granites and gneissose granites. Choi coal exploration. Ke-diacoveTy of 
fossils in Siwalik bods. KOneral resources of Andaman Islands in neighbourhood of Port 
Blair. Intertrappean beds in Deccan and Laramie group in Western North America. 

Part 3 {out of print). — ^Microscopic structure of some Aravali rooks. Section along Indus from 
Pwhawar Valley to Salt-range. Sites for boring in Raigarh-Hingir coal-field (first notice). 
Lignite near Baipore, Central Provinces. Turquoise mines of Nippur, Khorassan. Piery 
eruption from Minbyin mud volcano of Choduba Island, Arakan. Langrin coal-iiold. South* 
West Khasia Hills, Umoria coal-field. 

Part 4 (out of print). — Geology of part of Gangaaulan pargana of British Garhwal. Slates and 
schists imbedded in gneissose granite of North-Wost Himalayas. Geology of Takbt-i- 
SuJeiman. Smooth-water anchorages of Travancore coast. Auroferous sands of the 
Subansizi river, Pondicherry lignite, and phosphatio rooks at Musuri. Billa Surgam oaves. 

VoL. XVIII, 1885. 

Part 1 (otcf o/prinf).— Annual report for 1884. Country between Singareni coal-field and Kistna 
river. Geologioal sketch of oountiy between Singareni coal-field and Hyderabad. Coal 
and limestone in Doigrung river near Golaghat, Assam. Homotaxis, as illustrated from 
Indian formations. Afghan field notes. 

Part Possiliferous series in Lower Himalaya, Garhwal. Age of Mamlhall series 'in 
Lower Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Pale, and Caut. MS.). 
Geology of Cbamba. Probability of obtaining water by moans of artesian wells in 
p3:.ins of Upp<ir India. Artesian sources in plains of Upper India. Geology of Aka Hills. 
Alleged tendency of Arakan mud volcanoes to burst into eruption most frequently 
during rains. Analyses of phosphatic nodules and rock from Mussooree. 

Part 3 (out of print). — Geology of Andaman Islands. Third species of Merycopotamus. Per- 
colation as affected by current. Pirthala and Chandpur meteorites. Oil-wolls and co.«l 
in Tbayetmyo district, British Burma. Antimony deposits in Maulniain district. Kashmir 
earthquake of 30tb May 1885. Bengal earthquake of 14th July 1885. 

Part 4 (out of prird).— 'Geological work in Chhattisgarh division of Central Provinces. Be^al 
earthquake of 14th July 1885. Kashmir earthquake of 30th May 1885. Excavations 
in Billa Surgam caves, Nepaulite. Sabetmahet meteorite. 

VoL. XIX, 1886. 

Part 1 {ovl of print), — Annual report for 1885. International Geological Congress of Berlin, 
Paleozoic Fossils in Olive group of Salt-range. Correlation of Indian and Australian 
Coal-bearing beds. Afghan and Persian Field-notes. Sootion from Simla to Wangtu, and 
petrological character of Ambhibolites and Quartz-Dioritos of Sutlej vaiioy. 

Part 2 (out of print). — Geology of parts of Bellary and Anantapur districts. Geology of Upper 
Dehlng basin in Singpho Hills. Microscopic characters of eruption rocks from Central 
HimalayaB. Mammalia of Kamul Caves. Prospects of finding coal in Western Rajputana. 
Olive group of Salt-range. Boulder-bods of Salt-range. Gondwana Homotaxis. 

Part 3 (out of print). — Geological sketch of Vizagapatam district, Madras. Geology of Northern 
Jesalmer. Miorosoopio struotuie of Malani rooks of Arvali region. Malanjli^andi oopper- 
ore in Balaghat district, C. P. 

Part 4 {o^{t of print), — Petroleum in India. Petroleum exploration at Kh.itan. Boriug in 
Chhattisgarh coal-fields. Field-notes from Afghanistan : No, 3, Turkistan. Fiery eruption 
from one of the mud volcanoes of Cheduba Island, Arakan. Nammianthal aerolite. 
Analysis of gold dust from Meza valley, Upper Burma, 

VoL. XX, 1887. 

Part 1 {out cf y)rinf).— Annual report for 1886. Field-notes from Afghanistan : No. 4, from 
Turkistan to India, Physical geology of West Bntish Garhwal ; with notes on a route 
traversed through Jaunsar-Bawar and Ttri-Garbwai. Geology of Garo Hills. Indian 
imoge'-stoneB. Soundings reoently taken off Barren Island and Narcondam. Talchir 
boulder-beds. Analysis of Phosphatio Nodules from Salt-range, Punjab. 

Part Fossil vertebrate of India. Echinoidea of cretaceous series of Lower Narbada Valiev. 
Field-notes ; No, 5^to accompany geological sketch map of Afghanistan and Nortn- 
Eastem Khorassan. Mioroscopio struoturo of Bajmahal and Deocra traps. Dolerite of 
Chor. Iditetity of Olive series in east, wlte specUed sandstone in west, of Salt-range in 
Punjab* 
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Pari 3 , — Retirejient of Mr. Medlioott. J. B. Mnshketoft's Geology of Roasian Tnrkistaiu 
Ciystalline and metaraorpbio rocka of Lower Himalaya, Qarhwal, and Knmann, Seotloo 
1. Geology of Simla and Jatogh. * Lalitpor * meteorite. 

Part 4 {out of pftnf}.-^Points in Himalayan geology. Crystalline and Metamorphio rooke of 
Lower Himalaya, Garhwal, and Kumaon, Section 11. Iron industry of western portion 
of Raipur. Notes on Upper Barm a. Boring exploration in Chhattisgarh ooal-fleld (Second 
notice). Pressure Metamorphism, with reference to foliation of Himalayan OnaiseoBO 
Granite. Papers on Himalayan Geology and Microscopio Petrology. 


VoL. XXI, 1888. 

Part 1.-— Annual report for 1887. Crystalline and metamorphio rocks of Lower Himalaya, 
Garhwal, and Kamann, Section HI. Birds’ -neat of Elephant Island, Mergui Archipelago. 
Exploration of Josalmer, with a view to discovery of coal. Facetted pebble from boulder- 
bed (’ speckled sandstone ’) of Mount Chel in Salt-range, Panjab. Nodular stones obtained 
off Colombo. 

Part 2 (out of priaf).— Award of Wollaston Gold Medal, Geological Society of London. 1888. 
Dharwar System in South India. Igneous rooks of Raipur and Balagbat, Central Provinoes. 
Sangar Marg and Mobowgale coal-fields. Kashmir. 

Pairi 3 {oui of print ), — Manganic Iron and Manganese Ores of Jabalpur. ’ The Carboniferous 
Glacial Period.’ Pre-tertiary sedimentary formations of Simla region of Lower Himalayas. 
part 4 (ottl of prinQ.-^Indiaii fossil vertebrates. Geology of North-West Himalayas. Blown* 
sand rook sculpture. Nummulites in Zaoskar. Mica traps from Barakar and Raniganj. 


Vou XXII, 1889. 

Part 1 {out of print).— -Annual report for 1888. Dharwar System in South India. Wajra Karnr 
diamonds, and M. Chaper’s alleged discovery of diamonds in pegmatite. Generic position 
of so-called Plesiosaurus indions. Flexible sandstone or Itaoolumite, its nature, mode of 
occurrence in India, and cause of its flexibility. Siwalik and Narbada Chelonia. 

Part 2 {out of print ), — Indian Steatite. Distorted pebbles in Siwalik conglomerate, ** Carboni- 
ferous Glacial Period.” Notes on Dr. W. Waagen’s ” Carboniferous Glacial Period 
Oil-fields of Twingoung and Borne, Burma. Gypsum of Nebal Nadi, Kumaun. Materials 
for pottery in neighbourhood of Jabalpur and Umaria. 

Part S (out of print).— Coal outcrops in Shartgb Valley, Baluchistan. Trilobites in Neobolus 
beds of Salt-range. Geological notes. Cherra Puonjee coal-fields, in Khasia Hills. Cobal- 
tiferous Matt from Nep&l. President of Geolot^ioal Society of London on International 
Geological Congress of 1833. Tin-minii^ in Mergui district. 

Part 4 {out o1 print), — Land- tortoises of Siwaliks. Pelvis of a ru miuant from Siwaliks. Assays 
from Sambhar Salt-Lake in Rajputana.^ Manganiferous iron and Manganese Ores of Jabal- 
pur. Palagonite- bearing traps of RAjmahal bills and Deccan. Tin-smolting in Malay 
Peninsula. Provincial Index of Local Distribution of Important Minerals, Miscellaneous 
Minerals, Gem Stones and Quarry Stones in Indian Empire ; Part 1. ' 


VoL. XXIU, 1890, 

Pan 1 {out of print).— Annual report for 1889. Lakadong coal-fields, Jaintia Hills. Pectoral 
and pelvic girdles and skull of Indian Dioynodouts. Vertebrate remains from Nagpur 
district (with description of fish-skull). Crystalline and metamorphio rocks of Lower 
Himalayas, Garhwal and Kumaun, Section IV. Bivalves of Obve group, Salt-raage. 
Mud-banks of Travancoie coasts. 

pari 2 (out of print ). — Petroleum explorations in Hamai district, Baluchistan. Sapphire Mine, of 
Kashmir. Supposed Matrix of Diamond at Wajra Kamr, Madras, Sonapet Gold-field, 
Field-notes from Shan Hills (Upper Burma). New species of Syringosphoridss. 

Part 3 tout of print).— Geology and Economic Resources of Country adjoin]^ Sind-Pishin Rail- 
way between Sharigh and Spintanm, and of country between it and Klmttan. Journey 
through India in 1888-89, by Dr. Johannes Walther. Coal-fields of Loiraagaob Ifeosan* 
dram, and Mao-be-lar-kar, in the Khasi Hills. Indian Steatite. Provincial Index of Local 
Distribution of Important Minerals, MisceUancoua Minerals, Gem Stones, and Quarry Stones 
in Indian Empire. 

Part 4 {oui of print).— Geological skeioh of Naim Tal ; with remarks on natural oonditiomi^ 
governing mountain slopes. Fossil Indian Bird Bones. Darjiling Coal oetween Liso and 
Ratntbi rivers. Basie Eruptive Bocks of Kadapah Area, Deep Boring at Laeknow, 
Coat Seam of Dore Ravine, Hassza. 
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VoTu XXIV, 1891. 

Part 1 (out of print) Annual report for 1890. Geology of Salt-rau^e ot Punjab, with 

ro-considered theory of Origin and Age of Salt-Mari. Graphitj in decomposed Gn^s 
(Lateritc) in Ceylon. Glaoiere of Kabru, Pandim. etc. Salt«! of Sarabbar Lake in PaJ« 
putana, and ‘ Reh * from Aligarh in North-Wosfern iVovincea. Analysis of Dolomite 
from Salt>range, Punjab. 

Part 2 (out of print), — Oil near Moglial Kot, in SUcrAju country, filuleiiiiau Hills. Mineral Oil 
from Suleiman Hills. Geology of Lushai Hills. Coal-fields in Northern Shan States. 
Reported Narus^ka Ruby-Mine in Moingldu State. Tourmaline (Schorl) Mines in Maingldn 
State. Salt-range near Bawgyo, Thibaw Stat-e. 

Part 3 (out of print), — Boring in Dalionganj Coal-field, PalaoKw. Death <»f Dr. P. Martin 
Duncan. Pyroxonio varieties of Gneiss and Soapolite- bearing R^ks. 

Pari 4 (out of prtnf).— Maninialian Bones from Mongolia. Darjeeling Goal Exploration. 
Geology and Mineral Resources of Sikkim. Rocks from the Salt-range, Punjab. 

Vot. XXV, 1892. 

Part 1 (out of prin<).--Annual report for 1891. Geology of Thai ChotiAli and part of Mari 
countiy. Petrological Notes on Boulder-bed of Salt-range, Pun]a||. Sub-recert and 
Recent Deposits of valley plains of Quetta, Pishin, and Dashti-i-Bejlalct ; with appendices 
on Chamans of Quetta ; and Artesian water-supply of Quetta and Pishin. 

Pari 2 (out of print), — Geology of Saf4(UK6h. Jherrta Coal-field. 

Part 3 (out of prtnf).—- Locality of Indian Ts< hefifkinite. Geological Sketch of country nerth of 
Bhaxno. Economio resources of An«ber and Jade mines area in Upper Burma. Ii'on-* res 
and Iron industries of Salem District. Riebocldte in India. Coal on Great Tenasseriin 
River. Lower Burma. . ^ . 

Part 4 (mt of print), — Oil Springs at Mogal Kot in Shirani Hills. Mineral Oil from Suleiman 
Hills.. Niw Ambar-like Resin in Burma. Triassic Deposit** of Salt-range. 

VoL. XXVI, 1893. 

Pari 1 (out fJ print), — Annual report for 1892. Central Himalavas. Jndeite in Upper Burma, 
Bufintte, new Fo?* il Resin fiom Upper Banna. Proppecting Operations, Mergui District, 
1891-92. 

Part 2 (out of i)nn<).-~-EArtbquakc in Baluchist:>n of 20tl Dcf ember 1892. Burmite, now amoer* 
like fosBils from Upper Burma. Alluvial deposits and Subterranear water-supply ol 
Rangoon. ^ 

Part 3 (out of 'ftrini), — Geology of Sberani Hills. Carboniferous Fossils from Tenassenm 
Boring At Chandernagore. 0 ranite in Tavny and Mergui. . . •» i i.- * 

Part 4 (out of Geology of country between C?hBf)par Rift and Hamai in Baluchistan 

Geology of part of Tenasseriin Valley with special reference to Teudan-Kani spying Coal 
field. Magnetite eont^dning Manganese and Alumina, Hislopite. 


Von. XXVII, 1894. 

Part 1 (out of prim ), — Annual report for 1893. Bhaganwala Coal-field, Sai^range, Punjab. 

Part 2 {out of prini).— Petroleum from Burma. Singnroni Coal-field, Hyderabad (Deccan] 
Oohna Landslip, Garhwal. l t • n 

Part 3 (out of print ), — Cnmbriaii Formation of Eastern Ralt-range Giridih (Karharban> Coal 
fields. Chipped (?) Flints in Upper Miocene of Burnrm. Velates Schmidebana, Chemn. 
and ProvelatcB grandis. Sow. sp., in Tertiary Formation of India and Burma. 

Part 4 (out of print).— Geology of wuntho in Tapper Burma, Fchinoida from Upper Cretaoeou 
Syfltem of Baluchistan. Highly l>hosphatic Mica Periodoti tea intrusive in Lower Gondwaw 
Rooks of Bengal. Mioa-Hypersthene-HombUnde-Peridotite in Bengal. 

Vot. XXVIII, 1895. 

Part i.— Annual report for 1894. Cretaceous Formation of Pondicherry. Early allusion tc 
Barren Island. Bibliography of Barren Island and Narcondam from 1884 fo 1894. ^ 

Part 2 (out of p»4nt).— Crefciceous Rocks of Southern India and geographical conations dunnj 
later cretaceous times. Experimental Boring for Petroleum at Siikknr from October 189i 
to March 1896. Tertiary system in Burma. . 

Part S (out of pf»ni).--Jadeite and other rocks, from Tammaw m Upper Burma. Geology o 
Tochi Valley. lower Qondwanas in Argentina. 

Part 4 (out of prinl).— Igneous Rocks of Giridih (Kurhiirbaree) Coal-field and their GcntacI 
Effects. Vindhyan system south of Rone and their relation to so-called Lowor Vindhyan 
Lower Vindhyan area ol Some Valley. Tertiary system in Burma. 

VoL. XXIX, 1896. 

Pari 1 (out of pftnf).-.-r AfmnaJ report for 1896. Acioular inoiuBions in Indian Garnets, Origii 
a nd Growth of Gamete and their Mioropepmatitio intergr«>wths in Pyroxemo rooks. 

Part 2 (out o/pri 9 it).--Ultra-basi 6 rocks and derived minerals of Chalk (MagmMite) hills, and oths 
JooalitieB .iieaf Salem. Madras, novitniiiiin ^ 



Part ^.-^Igneoas Books from the Toobi VaUty. Notes. , ^ v \ 

Part 4 (out o/ prtwi).— 8teetite mines. Minbu fistrict. Burma. Lower Vindhyan (Sub-Kaunur> 
area of 8one Valley. Bewalu Notes. 


VoL. -XXX. 1897. 

Pari l.—Annual report for 1898, Noiite and associated Basic Dykes and lAva-flows in Southern 
India. Genus Vettebraria. On Glossopteris and Vertebraria. 

Part 2 . — Cretaceous Deposits of Pondioherri. Notes, — 

Pari S (out of priaf).-— Flow struotnre in igneous dyke. Olivine-norite dykes at Coonoor. nixoa- 
vations for corundum near Palakod, Salem District. Occurrence of coal at 1 ala^ w 
Bikaner. Geological specimens collected by Afgban*Baluch Boundary Commissmil of lowo. 

Pari ^.^-^Nemalite from Afghanistan. Quariz-baiyles rock in SaJcn). district. Madras Presmenoy. 
Worn femur of Hippopotamus irmyadicus, Caul, aiid Falo.. from I-.ower PUooene of Burma. 
Supposed coal at Jaintia, Baxa Duara. Percussion Figures on mieas. Notes. 

Voj^ XXXT. 1904. 

Part 1 (Old of pr/nB.— Prefatory Notice. Copper-ore near Komai, Darjeeling totrioi. ZewM 
beds in Vihi oistrict, Kashmir. Coal deposits of Isa Khel. Mianwali district, Pui^ab. 
Um-Bdeng coal-beds. Assam. Sapphiriue- bearing rock from Vizagapatam Distnot. Mis- 
oellaneoua Notes. Assays. . . , 

Pari 2 (ow* of print).— Lt. -Gen 1. 0. A. McMahon. Cyclobus Haydeni Diener. AunferoM 
Occurrences of Cbo(a Nagpur, Bengal. On the feasibility of introducing modern methoos 
of Coke-making at East Indian Railway Collieries, with supplementary note by Director. 
Geological Survey of India. Misoelianeous Notes. . j 

Part 2 (out of print),— Upper PaUeoznic foimations of Eurasia. Glaciation and History of Sina 
Valley. Halorites in Trias of Baluchistan. Geology and Mineral Besources of Mayur- 
bhanj, Misoellaneons Notes. - . 

Pari 4 (out of print).— Geology of Upper Assam. Auriferous Occurrences of Assam. Cunoui 
occurrence of SoapoUte from Madras Presidency. Miscellaneous^Kotea, Index. 

Vot. XXXII, 1005. 

Part 7.— Review of Mineral produetion of India during 1898—1903, 

Pari 2 (out of print). ^-General report, April 1903 to December 1904. Geology of Provinoea 
of Tsang and C in Tibet, Bauxite in India. Miscellaneous Notes. 

Part 3 (out oi print),— -Antbracolitbic Fauna from Subansiri Gorge, A^am. Elepbas Antiquua 
(Namadious) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone of Byana# 
Amblygonite in Kaabmir. Miscellaneous Notes. 

Part 4.— Obituary notices of H, B. Medlicdtt and W. T. Blanford. Kangra Earthquake of 
4tb April 1906. Index to Volume XXXIl. 

VoL. XXXm. 1906 . 

Pari 1 (out of print), — Mineral Production of India during 1904, Pleistocene Movement in 
Badian Peninsula. Recent Changes in Course of Nam-tn River, Northern Shan States. 
Natural Bridge in Gokteik Goige. Geology and Mineral Besources of Namaul District 
fPatiala State). Miscellaneous Notes. 

Pari 2. — General report for 1905. Lasbio Coal-Oeld, Northern Shan States. Namma, Mansaag 
and Man-se-le Coal-fields, Nuitbern Shan States, Burma. Miscellaneous Notes. 

Part 3 (out cf print),— Petrology and Manganese-ore Deposits of Sausar Tabsil, Chbindwam 
district, Central Provinces. Geology of part of valley of Kanban River in Nagpur and 
Cbbindwara districts. Central Provinoes. Manganite from Sandur Hills. Miscellaneous 
Notes. 

Pari 4 (out of print), — Composition and Quality of Indian Coals. Classification of the Vindbyan 
System. Geology of State of Panna with reference to the Diamond-beating 'Deposits, 
Index to Volume XXXUI. 

Vot. XXXIV. 1906. 

Part 7,— Fossils from Halorites Limestone of Bambanag Cliff, Kumaon, Upper Triassio Fauna 
fi^>m Pisbin District, Baluchistan. Geology of portion of Bhutan. Coal Oocurrencos in 
yoot-bills of Bhutan, DandH Coal-field : Coal outcrops in Kotli Tebsil of Jammu State. 
Miscellaneous Notes. 

Part 2 (out of print), — Mineral produotiod of India during 1905. Nummulitea Douvillei, with 
remarks on Zona) Distribution of Indian Nummulites. Auriferous Tracts in Southern 
l^dia. Abandonment of Collieriee Warora, Central Provinces. Misoelianeous Notes. 

Pari 3.— Explosion Craters in Lower Chindwln District, Burma. Lavas of Pavi^ad Hill. 
QibbsSte with Mangan.^se-oie from Talevadi, BeJgaum district, and Oibbsite from mekowli, 
Satara District. Classiftoation of Tertiary Sys&m in Sind with referenoe to Zonal dlifcrir 
bution ol Eocene Eobinoidea. 

Part 4 (out of pKni).— Jaipur and Nsaira Ooal-fieldB, Upper Assam. Makum Cdat^fields 1)otir0S!il 
Tiiap and Namdang Streams. Kobat Antiolino. near Seiktein, Myla^an dlitript» Ucpor 
Burma, Asymmetry of yenain]fv»*-ft««^trt 



VoL. XXXV, 1907. 

PcK^t t (owl o/ prjnl).— General report tor 1906. Orthophragruiaa and Lepidoc^olina in NttznmU- 
litio SocieSi Meteorio Shower of 22nd Ootober 1903 at Dokaohi and neighbourhood, Dacca 
district. 

Pari 2.— 'Indian ^rolites. Brlne-wcliB at Hawgyo» ^^orthern Shan States. Gold-bearing 
Depoaita of Loi Twang Shan States. Physa Prinsepii in Maestriohtiaii strata of Baluchistan. 
Miscellaneoua Notes. 

Part 3. — Preliminary survey of certain Glaciers in North-West Himalaya. A.— Notes on certain 
Glaciers in North-West Kashmir. 

Part i , — Preliminary survey of cortain Glaciers in North-Weat Himalaya. B. — Notes on certain 
Glaciers in Lahanl. C.— Notea on certain Glaciers in LCumaon. Index to Volume KXXV. 

VoL. XXXVI. 1907-08. 

Part 1 {out of prinl).-— Petrological Study of Hocks from hill tracts. Vizagapatam district, Madras 
Presidency. Nephelino Syenites from hill tracts. Vizagapatam district. Madras Presidency. 
Stratigraphical Position of Gangamopteris Beds of Kashmir. Voioanic outburst of Late 
Tertiary Age in South llsenwi, N. Shan States. New sutdas from Bugti Hills, Baluchistan. 
Permo-Carboniferous Plants from Kashmir. 

Part 2 ^ — Mineral Production of India during 1906. Amiuonites of Bagh Beds. MUoellaneous 
Notes. 

Part 3 (out of print ). — Marine fossils in Yonangyaung oil-held. Upper Burma. Freshwater 
sheila of genus Batissa in Yenangyaung oil-field. Upper Burma. New Species of Dendro* 
phyiiia from Upper Miocene of Burma. Structure and age of Tauugtha Hills. Myingyan 
distriot. Upper Burma. Fossils from Sedimentary rocks of Oman (Arabia). Rubies in 
Kachin hills. Upper Burma. Cretaceous Orbitoidcs of India. Two Calcutta Earthquakes 
of 1906. Miscellaneous Notes. 

^ari 4 (out of pnnt). — Pseudo-Fuooida from Pab sandstones at Fort Munro, and from Vindhyan 
series. Jadeite in Kachin Hills. Upper Burma. Wetchok-Yedwet Pegu outcrop. Magwe 
district. Upper Burma. Group of Manganates. comprising lloUandite. Psilomelano and 
Coronadite. Occurrence of Wolfram in Nagpur district. Central Provinces. Misoollaneoua 
Notes. Index to Volume XXXVI. 

VoL. XXXVII. 1903-09. 

Part 1 (oui of prirU).^OeneTai report for 1907. Mineral Production of India during 190/. 
Occurrence of striated boulders in Biaini foriuation of Simla. Miscellaneous Notes. 

Part 2 , — ^Tertiary and Post-Tertiary Freshwater Df3poait3 of Balucliistan and Sind. Geology 
and Mineral Resources of Hajpipia State. Suitability of sands in Rajmahal Hills Cor glass 
manufacture. Three uew' Manganese- bearing minerals :—Vredeabiirgite. Sitapariti) anci 
Juddite. Latorites from Cential Provinces. Miscellaneoua Notes. 

Part 3 {out of print ). — Southern part of Gwegyo Hills, iiiolurling Payagylgon-Ngashandaon^ 
Oil-lield. Silver-lead luinoa of Bawd win. Northern Sban States. Mud volcanoes o 
Acakan Coast, Burma, 

Pari ^. -*Gypsum Deposits in Humirpur district. United Provinces. Gondvvanas and roiatec 
marine sedimentary system of Kashmir. Miscellaneous Notes. Index to Volume 
XXX VII. 


ViiL. .XXAVlll, 1909-19. 

Part Coneral report for 1908. Tdincral Preduotiou of India duriug 1908. 

Part 2 {out of print ). — Ostroa latimarginata ia •* Yenangyaung stage of Burma. China-ola; 
and Pire-clay deposits in Hajiuahal Hills. Coal at Gilburria in Bajmahal hills. Fog 
Jnlier at Ondwo, Magwe district. Upper Burma. Salt Deposits of Bajputana. MiaoelJi! 
ueous Notes. 

Part Geology of Sarawan, Jhalawan, Mekran and the State of Las Bela. Hippurite-bearin 
Limestone in Seiatan and Geology of adjoining region. Fusuliiiidec from Afghanistan 
MisoeUansooa Notes. 

Part i.-">Geology and ProspeotS'Ot Oil in Western Promc and Kama, Lower Burma (i'loluding 
Namayan, Padaung, Tauugbogyi and Xiaing). Heoorrelatiou of Pegu system in Burxna 
with notes .on Horizon of OiLbearing Strata (iucluding Geology of Padaukpin. Banbyii 
and Aakmanein). Fossil h^sh Teeth from Pegu system, Burma. Northern part oi 
y^n^ngyat Oil-field. Iron Ores of Chanda. Central Provinces. Geology of Aden Hinter 
land. Petrological Notes on rooks near Aden. Upper Jurassic Fossils near Aden. Mis* 
oeUaiieotis Notes. Index to Volume XXXVIII. 

VoL. XXXIX, 1910. 

giiiaquenniat Review ol Mineral Production of India daring 1904 to 1908. 

VoIk XL, 1910. 

Part i.---^Pre«0arboni£erQtta liferProvinoes. Lakes of Salt Range in the Punjab. Preliminac] 
•nryey of oertain Glaoieta in Himalaya. D,-^Notes on oertain gUtpiem in Sikkim. Non 
mrammaiian Genera and Species from Tertiariea nf 



2 (oiU of Gt^neral Eeport for 1<>09. Iitifierftl Prodaotion ol India daring 1 Wfli* 

P9H J.--— BeviaeddWaBsifioation of Tertiary Freabwater Deposits of India. Revision of Silurian 
Trias Sequence in Kashmir. Fenestella-bearing beds in Kashmir, 

Part ^.-^Ainm Shale and Alum Manufacturet Kalabagh, Mianwali district^ Punjab. Goal* 
fields in North-ESastem Assam. Sedimentary Deposition of Oil. Miaoellaneous Notes* 
Index to Volume XL. 


VoL. XLL 1911-12. 

Pari I.-— Age and continuation in Depth of Manganeso-orea of Nagpar«Balaghat Area, Central 
Provinces. Manganese-ore deposits of Gangpur State, Bengal, and Distribution of Gh>ndite 
Series in India. BaluoUistan i2artb(iuake of 21 at October 1909. Identity of Ostraa Pro- 
m^sis, Noetling, from Pegu System of Burma and Ostrea Digitalina, Eichwald, from 
Miocene of Europe. Mr. T. R. Blyth. Miscellaneous Notes. 

Part 2 . — General Report for 1910. Devonian Fossils from OUitcal, Persia, Afghanistan and 
Himalayas. Sections io Plr Ji’anjal Range and Sind Valley, Kashmir. 

Part d.-«Minerai Production of India daring 1910. Saniarskite and other minerals in Nellore 
District, Madras Presidency. Goal in Namohik Valley, Upper Assam. Misoellaneoua 
Notes. 

Part 4. — Pegu-Nocene Succession in Minbu District near Ngape. Geology of Henzada District, 
Burma. Geology of Lonar Lake, with note on Louar Soda Deposit. International 
Geological Congress of Stockholm. Misoellaneona Notes. Index to Volume XLl. 

VoL. XLll, 1912. 

Part /.--^Survival of Miocene Oyster in Recent Seas. Silurian Fossils from Kashmir. Blddite 
from Salt Range. GoLd-beariug Deposits of Mong Long, Hsipaw State, Northern Shau 
States, Burma. Steatite Deposits, Idar State. MisoeUaneous Note. 

Part 2.— General Report for 1911. Dicotyledonous Leaves from Coal Measures of Assam. 
Poting Glasier, iCumaon, Himalaya, June 1911. Miscellaneous Notes. 

Pari Mineral Prudaotion of India during 1911. Kodurite Scries. 

Part 4 , — Geoiogioal Reoonnaisaanoe through Dehong Valley, being Geological Results ol Abor 
Expedition. 191112. Traverse Across the Naga HilU of Assam. Indian AeroUtes. Mis- 
eeilaneous Notes. 

Vou XLIII, 1013. 

Part 1 (oui of pr iuO.-^ieneral iieport for 1912. Garnet as a Geoiogioal Barometer. Wolframite 
in Tavoy District, Lower Burma. MisoalKnoous Notes. 

Pari 2 {oat ol pn}U).--Miuoral Pioductioa of India during 1912. Relationship of the Himalaya 
to the IniO'Gangetio Plain aiud the Indian PeninsuU. Hambergite from Kashmir. 

Part 3. — Contnliulions to the geology of the Province of ViiOTian in Western China : I. — Bhamo- 
Teug Vuen Area. 11. —Petrology •>£ Volcanic Rooks of Tdng-Yiieh District. The Kirna 
Hills. Banswal Aerolite. 

Part -Gold-beariug Allnviam of Ohindwin River aud Tributaries. Correlation of diwalik 
with Mammal Horizons of Europe. Contributions to the Geology of the Province of 
Yilnuan in Western (^*iuaa : I£I,>^tratigraphy of Ordovician and Silurian Beds of Western 
V finnan, with Provisional Palnontoiogioal Determinations. Notes on Gamaroorinus 
Asiatious from Burma. 

VoL. XLIV, 1914. 

part i. General Report for 1913. Oarbouacoous Aerolite froiu Rajputana^ Nummulit^ 
as Zone Fossils, with description of some Burmese species. 

Pari 2.— ^Contributions to the Geology of the Province of Yfinnan in Westelm China : IV.-— 
Country around Yunnan Fu. Dyke of whiiio Trap from Penoh Valley Coal-field, Chhind- 
wara District, Central Previnoes. Mineral concessions daring 1913. 

Pari 2.-- Coal-seams near Yaw River ,Pakokka District, Upper Burma. The Monazite Sands 
of Travanooro. Lower Cretaceous Fauna from Himalayan Qieumal Sandstone together 
with description of a few fossils from Chikkim series. Indarotos salmontanus Pilgrim. 
Future Beheading of Son and Rer Rivers by Hasdo. 

Pari 2.— -Salt Deposits of Gis-lndus Salt Range. Teeth referable to Lower Siwalik Creodont 
genus * Dissopsalis* Pilgrim. Glaciers of OhauU and Lis^ Valleys, Kumaon, Himalaya^ 
September 1912. MisceUaneous Notes. 

VoL. XLV, 1913. 

Part /.—New Siwalik Primates. Broohiopoda of Namyau Beils of Burma. MisoeUaneous 
Note. 

Part 2.— General Report for 1914. Note on Sivaeiuros and Paramachaerodus, 

Part 3. — Mineral Production of India daring 1914. Three New Indian Meteorites*. Kuttlp<* 
puram, Sh^tyan and Kamssgar. Dentition of TraguUd Genus Doroabune, Hraafitite, 
Crystals of Gorundlform Habit from KajUdongrL Central India^ 

Pori 4.— 'Geology of country near -r. . 



VoL. XLVI, 1916. 

Qamqaennial Review of Mineral Produotion of India lor 1909 to 1913, 

VoL. XLVII, 1910. 

Pwrt l.--«€ieneral Report for 1915. Eooone Mammals from Burma. Misoellaneous Notes. 

Paai 9.^The Deccan Trap Flows of Lioga. Chhindwara District, Central Provinces. Iron 
Ore Deposits of Twinng6, Northern 8han States. 

PaH 3, — Obituary ; R. 0. Barton. Mineral Produotion of India dunog 1915. Fleniingostrea, 
an eastern group of Upper Cretaceous and Eocene OstroicUa. with doscriptiona of two new 
species. 

Pan 4. — Contributions to the Geology of the Province of Yunnan in Western China : 5. — Geology 
of parts of the Salween and Mekong Valleys. A fossil wood from Burma. The Visual 
and EUh Khera Aoroiites. 

VoL. XLVllT, 1017. 

Part i.^Generai Report for 1910. A revised classification of the Gondwana System. 

Part 2, — Mineral Production of India during 19 IG. Mammal ooJlectious from Basal Heds of 
Siwaliks. 

Par^ 3 . — Crystallography and Notuenolature of Hollandite. Geology and Ore Deposits of 
Bawdwin Mines. Miscellaneous Notes. 

Part 4. — Biana-Lalsot Hills in Eastern Rajputana. Origin of the Laterite of Seoni. Central 
Provinces. 

VoL. XLIX, 1918-19. 

Pari l,-*General Report for 1917. Oassiterito Deposits of Tavoy. Les Echinides des “ Bagh 
Beds.'* •s 

Part 2, — ^Mineral Production of India during 1917. Support of Mountains of Central Asia* 

Part 3.— Structure and Stratigraphy in North-West Punjab. Aquamarine Mines of Daso. 
Baltistan. Srimangal Earthquake of July 8th. 1918. 

Part 4. — Possible Occurrence of Petroleum iu Jammu Province ; Preliminary Note on the 
Nar-Budhan Dome, of Kotii Tobsii in tbo Punch Valley. Submerged Forests at Bombay. 
Infra-Trappeana and Silicificd Lava from Hyderabad, S. India. 

Vot. U 1919. 

Part 1 , — General Report for 1918. Potash Salta of Punjab Sait Range and Kohat. Origin 
and History of Rock-salt Deposits of Punjab and Kohat. 

Part ^.-^Tungston and Tin in Burma, Inolinatiou of Thrust-plane between Siwalik and Murreo 
zone near Kotli, Jammu. Two Now Fossil Localities in Caro Hills. Satmi Sulphur Mine, 
Aliscollaneous Notes. 

Part 3 (oitt of print). — ^IVlinerai ProducT/iun of India during L9I8. Gastropoda Fauna of Old 
Lake-be^is in Upper Burma. Galena Deposits of North-Eastern Putao. 

Part 4 {oat of print). — Pitchblende, .Monazite and other minerals from Piohiiii, Gaya district, 
Bihar and Orissa. Natural Gas in Bituruinous Sait from Kohat. Mineral Resources of 
Central Provinces. MisceUaneons Notes. 

VoL. LI, 1920-21. 

Parf /. — General Report for 1919. Pseudo-crystals of Graphite from Travancore. Mineral 
related to Xenotime from Monbhum District, Bihar and Orissa Provinoo. Goal Seams 
of Foot-Hills of the Arakan Yoma, botweeu Letpan Yaw in Pakokku and Ngapt> in Minbu, 
Upper Burma. Observations on Physa Priusepit," Sowerby and on a' Olionid Sponge 
that burrowed in its shell. 

Part ^.—Classification of fossil Gyprjoidse. Sulphur near the confluence of the Greater Zab 
with the Tigris, Mesopotamia. Misooilaneoua Notes. 

Pari 3. — ^Mineral Produotion of India during 1919. Results of a Revision of Dr. Noetling’s 
Second Monograph on the Tertiary Fauna of Burma. Marine Fossils collected by Mr. 
Pinfold in the Garo Hills. 

Pari 4.— Illustrated comparative Diagnoses of Fossil Terebridos from Bi nua. Indian Fossil 
Viviparea. New fossil Uniouid froui the Intertrappean beds of Peninsular India. Unionidm 
from the Miocene of Burma. 


VoL, LII, 1921. 

Quinquennial Review of Mineral Produotion of India for 1914 — 1918. 

. VoL. LIU, 1921. 

Part jf.-— General Report for 1920, Antimony dep<^sit of Thabyu, Amherst disiirict. Ahtimony 
deposits, of Southern Shan States. Geology and Mineral Resources of Eastern Peraiak 
Miscellaneous Notes. 

Part 2.— ^mparative Dia^ioses of Plouiotomidas from Tertiary Fonnation of Burma. CSom- 
paiative Dh^oses of Coni^ and Cancellariidas from Tertiaiy of Burma, Stratigraphy, 
f^BsUs and ^^ogUsal J^lationships of Lameta Beds of Jabbmpoie. Rooks nearLiuiieta 
Gha^fJabbulpoie Distriot). 

F0i\S (oaf <lf j»rifti).-^bituarv * Fraderinir - 



PoH ^t^ttgraphy of tho l^ngu-Yenangyat Aioa* Analysis of Siogil Vacma. Sulphui 
Deposits of Southem Persia. A Zons-Possil from Burma : Ampollir'a (Megatylotus) 
Birmanioa. 

VoL. LIV, 1022. 

Part i.— General Report for 1921. Contribotiops to the Geology of the Province of Yiiniuui 
in Western China : 6. — ^TraverseB between Tali Pu and Yunnan Pu. Oology of TaMM 
Zam Valley, and Kanigoram-Makia Area, Wazinstan. Geology of Thayetmyo and neigho 
bourhood, including Padaukbin. Bltummi in Bombay Ishmd." 

Pari 2.— Mineral Production of India during 1921. Iron Ores of Singhbbum and Orissa. Goo- 
logical Results of Mount Everest Reconnaissance Expedition. Northern Extension of 
Wolfram-liearing Zone in Burma. Misoellaueous Note. 

l^arl 5,-— Obituary : Rupert William Palmer. Indian Tertiary Gastropoda, IV,— Olividie, 
HarpidsB, Marginellidce, Volutidas and Mitrid», with comparative diagnoses of new species, 
Structure of Cuticle in Glossopteris angustitoUa Brongn. vision of some Poasil Balano- 
morph Barnacles from India and the !^t Indian Archipelago. Contributions to the Geo- 
logy of ehe Province of Yunnan in Western China : 7. — ^Reconnaissance Surveys between 
Shunning Pu, Chingtung Ting and Tali Pu. 8.— Traverse down Yang-tze-ohiang Valloj' 
from C!iin-oMaiig-kai to Hui-li-Cbou. Boulder Beds beneath Utatur State, Trichinopoly 
District. iVlisoellaneous Notes. 

Part 4.— Geology of Western Jaipur. Goolog-eal Traverses from Assam to Myitkyina thx'ough 
Hukong Volley : Myitkyina to Northern Putao : and Myitkyina to Chinese Frontier. Oli- 
gooone Echinoidea collected by Rao Bahadur S. Sethu Rama Rau In Burma. J^xieral 
Resources of Kolhapur State. Kunghka and Manmaklang Iron Ore Deposits, Northern 
Shan States, Burma. 


Voi.. LV, l92b-24. 

Purl I. — ^General Report for 1922. Indian Tertiary Gastropoda, No. 6, Puaidfe, Turbinellidn, 
Chrysodojiijdfe, Strepturidse. Buccinidsc, Nassidto, ColumbellidsD, with short diagnoses of 
new species. Geological Interpretation of some Recent Geodetic Investigations (being 
second Append! s to the Memoir on the structuro of the Himalayas and of the Gangetio 
Plain as elucidated by Geodetic Observations in India). 

Pari — Obituary : Ernest (Watson) Vredonburg. Fossil Molluscs from Oil-Measures of Dawna 
Hills, Tenasserlm. Armoured Dinosaur from Lamota Beds of Jubbulpoto. Fossil forms 
of Piaouna. Phyiegeny of some Turbinellidas. Recent Falls of 4.erolitos in India. Geology 
of pirt ol Kiiasi aurt Jaintia Hills, Atisam. 

Part 5. — ^Mineral Production of India during 1922. Lignitic Coal-li:>ld3 in Karowa formation 
of Kashmir Valley. Basic an i Ultra-Basic Membdrs of the Chamookito Series in the Central 
Provinces. China Clay of Karalgi, Kbanapiir. Bel gaum District. 

Pan 4, — Obituary : Henry Hubert Hayden. Oil Shales of Eastern Amherst, Burma^ with a 
Sketch of Geology of Neighbourhood. Provisional list of Pal»osoio and Mesozoic Fossils 
collected by Dr. Coggin Brown in Yunnan. Fall of throe Meteoric Irons in Kajputana 
on 20th May 1921. Miscellaneous Note. 

VoL. 1.VI, 1924-25. 

Part i. — General Report for 1923. Mineral Deposits of Burma. 

Part 2 . — ^Mineral Production of India during 1023. Soda rooks of Rajputaua. 

Part 3 , — Gyrolito and Okenito from Bombay. Freshwater Fish from oU-measuies of Dawna 
Bills, Fossil AmpuUariid from Poonch, Kashmir. Oalcaieous Alga belonging to Tripio- 
poiellem (Dasycladacese) from Tertiary of India. Froth Flotation of Indian Coals. Sub* 
marine Mud Eruptions off Arakan Coast, Burma. Cretaceous Fossils from Afghanistan 
. and IChorasan. 

Part Meteorite. Stegodon Ganesa in Outer Siwaliks of Jammu. Land and Fresh- 

water Fossil Molluscs from Karewas of Kashmir. Burmese Lignites from Namma, Loshle 
and Pauk. Maurypur Salt Works. 

VoL. LVII, 1926. 

Quinquennial Review of Mineral Production of India for 1919-1923. Price 6 Rs. 10 As. 

VoL. LVm, 1926-26. 

Pari 7.— General Report for 1924. Fossil Tree in Ponchet Series of Lower Gondwanas near 
Asaueol, with Paheontologioal Description. 

Part 2.— Obitfiaxy : Francis William Walker. Possibilities of finding concealed coal-field at a 
workable depth in Bombay Presidency. Baealtio Lavas penetrated by deep bearing for 
coal at Bbusawal, Bombay Pieeidenpy. 

Part 3.— Mineral Production of India during 1924. Enstatite-Augite Series of PyrotimdB* 
Constitution of the Glauconite and Celadonito, Palagonite-beaiing Dcderite itom Nagpmr..: 

Part 4i— Fosa^ 0r6tac^ de PAfghanistan. FossHm da Kashmir et des Paaciirs. Addt^ms. r 
and Correeisons to Vredenboxig's Classification of tho Petodogy ol Boctelrom 

Gknar and Osham HUK Kathiawar, India, 



VoL. LIX, 1926. 

Part i.— General Report for 1926. Foraroinifera of parts of Western India. 

Part 2.*--Sanjpling Operations in Pencb Valley Coal-field. Composition of some Indian Garnets. 
Geology of Andaman and Nicobar Islands, nrith special reference to Middle Andaman Island. 
Occurrezice of Cryptobalite. Remarlcs on Carter's Genus ConuUtes. 

Pati 3. — ^Mineral Frodnotion of India during 1925. Metamorphio and Tjilrusivo i rninite 

of Chhota Udopnr State. Indian Species of Conoclyj[)ouH. 

Part 4, — ^Lov-Fhospbonis Coking Coal in Giridih Ooal-iicld. Dialributiou of Gaull- in India. 
Age of so-called Daniaii Fauna from Tibet. Ikiuxite cvn Korluput iliU,. KhUvb: nJi iStatr, 
Fihar and Orissa. 


Vui.. LX, 1927-28. 

Pait J.— General Reiwrt for 1920. Six Recent Indian Aerolites, 

Part 2.-pGa8 Eruption on Ramri island, oft Arocan Coast ot Burma, in July, 1926. Oil Indi- 
cations at Drigh Road near Karachi. Lower Canine of Tclra(;onodon. Geology of Bundi 
State, Rajpiitana. 

Prrf ^Mineral Froduction of India during 1926, Geological Traverse in Yimaslin Valiev. 
Ambalfv Poring of 1926-27 Imlian Unfonitifie. 

Purl 4^ — Boiationsbip l^twccu Specific Gravity and Ash Contents of Coals of Korea and Rokan* 
Coals as Colloid Systems. Contact of Basalt with ccal-seam in the Isle of Skye, Scotland. 
Comparison with Indian examples. Barakur-Ironstone Boundary near Begunia, Kaniganj 
(Vial-field. Raniganj-Pauchet Boimdary near Asansol, Raniganj Coal-field. Fermo- 
CarboniterouB Marine Fauna from Umaria Coal-fieiJ. Geology of Umaria Coal iield, 
Rowah State, Central India. Composition and Nomenclature of ChloropliSDito and Fala- 
gonito, and on Chloropha^ite Series. MisceUancous Notes. 

VoL. LXl, i928.29. 

Part J.— General Report for 1927 Actinodon risinensis in Lower Gondwanas of Vihi district, 
Kashmir. Miscellaneous Note : Further Note on Nomenclature of Bollandite. 

Part 2.— Contribution to Geology of Punjab Salt Range. Iron Ore Deposits of Northern Shan 
States, lower Caiune of Indian Species of Conohyus. Miscellaneous Note : Leucopy- 
riie from Kodarma. 

Part S» — Mineral Froduction of India during 1927. Note on Coking Tests with Gondwana 
Coals. Zinc-Spinel, from Southern India. New Indian Meteorite'; Lua Fall. Miscella- 
ncouo Note : Lcllingito from Tlazarihagh District 

Fait 4,— Erratic E of the Punjab. Cretaceous Dinosaurs of Trichinopoly District, and Rocks 
associated with them. OrbitolinsD iium Tibet. Joya Mair Dome Fold, near Chakwal, 
Jhclum District, Punjab. Occurrence of AllopKanc at Tikak, Assam. Miscellaneous 
Note ; Austr’ilfan Species of Genus Oisortia, 

VoL. LXII, 1929-30. 

Part i. — General Report for 1928. Miscellaneous Note : New Chromite Localities. 

Part 2. — Obituary ; Sivarau Setliu Kama Ran. Specific Gravity and Proximate Composition of 
Inilian Vitrains. New-Devenian Fossils from Burma, Rangoon Earthquakes of Septem- 
her and December 1927, Lpicentre of North-West Himalayan Earthquake of 1st February 
1929. Miscellaneous Notes : Indian Beryl, Atacamite in Bihar and Pyromorphit© in 
Bhagalpur ^strict, Bihar. 

Part 3. — Mineral Production of India during 1928, Granophjric Trachyte from Salsetto Island, 
Bombay. Coni Uopourot's < t Jharia Coal field. Coal lost by Fii'es and Collapses in Indian 
Coal M&es. 

Part 4 . — Age of Aravalli Range, t4ike’8 Rule for Angle of Overthmst, as applied to Himalayas. 
Permo-Carboniferoas Succession in Waroha Valley, Western Salt Range, Punjab, Naoki 
(Hyderabad) Meteoric Shower of 29th September 1928. Miscellan -ous Notes : Ikiring 
tor’ Water at Daryapur and Poasji Eaus at Yjjnangyoiing. 

voL. LXiil, mu. 

Part l.-^General Report for 1929. Upper Triassic Fossils from Burmo-Siamese Frontier.-* 
Tbaiingyin Trias and Description of Corals. Upper Tiiassic Fossils from Burmo-Siamese 
Frontier.— Brachiopoda and Lamellibranohia from Thaungyin River. Upper Triassio 
Fossils from Burmo-Siameso Frontier.— Fossils from Kaniawkala Limestone. Upper' 
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^ Ond : Fas. 1, The CardUa beauntmH bade ; Fas. g, ITie BanOcot 
in Western Sind; Fas. S, The EUrtiiar Series; Fas. 4, The Mari 
(Oligooone) Sedes ; Fas. 5, The Qa) {Miooens) Series ; Fas. 9, The Makna 
(Fuoofme) Series; by Donoan and Sladen. pAd: TheFosrillMhinridea 
of Kabh and £attywar; by Dnnoant Sladen and Blanferd. 

(Smt. Xin.)-^ALT-RANGB FOSSILS, 6y WILLIAM WAAGBN, Fb.D. 

Ftodnchia-Iiimestone Group : Vol. I, pA 1 (1873). Rioes, Oephalopo^ w. 7% ^ 6. 

» n n u g (1880). Qostopote and supplement to pA 1, pp. Ill 

^ (73.183), 10 (1 donble), (ri!-xri). 

•< ,• » » 3 (1881). Frieeyp<^ pp. 144 (185 328), 8 

(xril.xsd'r). 

** » » o 4 (M^.88 |/^ B rabhtepoda, pp, 442 (880.770), pis. 

» t> w M b (18w). BryoBoa- Annelides Jieblnndemiata, pp. 64 

(771-^4), ]^. 10 (Ixzsrii.Xori). 

m M „ M 6 (1886). CMmteiata, pp. 00 (835-02^ pis. 20 

(zeviiKtcvi). 

»» M •> K 7 (1867). Oorienterata, Protosoa, pp. 74 (925*998), 

n „ pis. 12 (wmi ozxviii). 

FVnvis from the Ceratite Formsiion : Vol. 11, pt. 1 (1805). Pisoes-Ammonridea, pp. 324, 
pb. 40 (out prist), 

<i>Hilogioal Besnlts i VoL IV, pt. 1 (1880), pp, 1 88, pis. 4 (outcfpriaf). 

» M n n g (1601), pp. 89-2^, pb. 8 (out of print). 


(Sub, XV,)— HIMALAYAN FOSSILS. 

Uppor-triasrio and liassto Oranm of the exotb bIo(dcs of MalU Jobtt in the Bhot 

pp* iw, 
ana SpiU 2 


of Ktmifton ; Vol I, pt. 1 
An(lira<*oUti]io Foasik of 
Dfenor, 


►p. 100, 16 (1 donble), by Dr. 0. Diew. 

" ■ ■ j Vd. I, pt. 2 (1890), pp. 96, pb. 8, by Dr. 0. 

Jho Pormocarbomferons Fuuna of OhiUohun No. 1 « VoL L pt. 3 (1897), pp. 105, pb. 13, by 
Dr. C. Dieoer. 

The Pennbn Fossib of the Frodnotus Shales of Kumonn and Oariiwal : Vol. I, pt, 4 (1897) 
pp. 54, ids. 5, by Dr. <3. Dbaer. * ' " 

The Permian Foesfle of the Central Hiinalayas : Vol. I, pt. 5 (1908), pp. 204, pb. 10^ by Dr. 0. 
Dioner. 

no^pbalcp^a of the 1^ : Vol. H, pA 1 (1897), pp. 182, pb. ^ by Dr. 0. Diener. 

The OepMo^oda of tto Mus^elkalk : Vol. LI, pt. 2 (1896), pp. 118, pU. 31, by Dr. 0. Diener. 

Fuomb of the Himabya » Vd. m, pt. I (IMP), pp. 167. pb. 22, 1^ 

Trine Btachioppda and Lamellibtanohiata : Vol. UL pA 2 (1899), pp. 76, ds. 12 (2 donbtel 
W Ataander Bittner. ^ ,, 

The SWa of the Spiti ^lales ; VuL IVs Cep 


ppt m-306, pis. 47 (2 denble) ; Fm. 3 PP* 


Ubliste liameiUbranoluata and Gaatrop 


Ke Hobihaua* Additional Kotos on the Fauna 
467-611, pk. 4 ; by lifiss Paula BMjW, PhaD. 

^ A.t 0.4^21. AM ^ aaX AM. ^ A.# ^ 


s Fan. 1 (i^, 

'la : Fheo. 4 (H 
of tM 


Spiri 


132,d8.18; Faeo. 
pb.92; IqrDr. V. 
4^ pb. 7 ; by Dr. 
: Faeo. 5 (1914), pp. 


The Fauna of the Ttopt^ldmestono of Dyans ; Vd. V, Memoir No. 1 (1908), pp. 901, pb. 17 

g doubto), br Dt. 0. Diener. 

anna of the Hlmabyaa Musohdlcalk; Vd. V. Memoir No. 2 (1907), pp. 14R pb, 17 (2 
doubls), by l^e OL * 

Ledinio, Cbnlo 1^ Norie Faimm of s Vd. V, Ifemdr No. 3 (1908), pp. 167, pb. 94 (3 dottUe) 

by Dr. 0. Dbrinr. " 


TO.3fcpii.6,byDr.O.»bner. 

Oamhriaa FMb of iMtl t Vd. VH, Wegiofr No. 1 (lOliB, 70^ dh A by F. B. 0. lAm f 
oviolna and saufian from the Central Mlmdi^ >Td, m ^2 CUHl 


The 

Ordoriolna 

pp. 168, pb. 90, liy F. ft, 0. Deed. 


dOIO). 
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Tho Faniia of tbo (Neooootiaa) Belemnlto Beda : You U pt. 2 (1807), pp. 8, pis. 2 (oaf of prifit). 
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pp. 79, pis. 23 (ottt (Sprint). 

The |«joa &tod lor these puhlioatioiis Is lour annas per single plate, with a minimum charge 

olBe.l« 


(KKW SfiBIBS.) 

The Oamlffian Fauna of the Bostem Salt-ranget Yol. T, Memoir 1 (1899), T^p. li, pi. 1, by K. 
BedBoh. Price 1 Be. 

Notes on the Morphology of the Feleoypoda: Yol. I, Memoir 2 (1899), pp. 58, pis. 4, by Dr. Frite 
NoetUog. PrioelBe.4Aa. 

Fauna of the Miocene Beds of Burma : YoL I, Memoir 3 (1901), pp. 378, pis. 25. by Dr. Fritz 
Noetling. Price 6 Ks. 4 As. (^ of print). 

Obserratlons snr quel^uM Plantes Fossiles des Lower Gondwanas t Yol. II, Memoir No. 1 (1902), 
pp. 39, pis. 7, by It. Zeiller. Price 1 Be. 12 As. 

Penno-Carbonilerous Plants and Yeriebrates from Kashmir: Yol. tl, Memoir No. 2 (1905), 
pp. 13,^. 3, by A. C. Seward and Dr. A. Smith Woodward. Price 1 Re. 

The Lower PalsBozoio Fossils of the Northern Shan States, Upper Burma : Yol. IT, Memoir No. 

8 (1906), pp. 154, pb. 8, by F. B. 0. Beed. Price 2 Biu 
The Fauna id the Napeng Bob or the tthietio Beds of Upper Burma : Yol. 11, Memoir No. 4 
(1908), pp. 88, pis. fit hy Miss M. Healey. Price 2 Bs. 4 As. 

The Deyoniui Faunas of the Northern Shan States : Yol. 11, Memoir No. 5 (1908), pp, 183, pis. 
20, by F. B. 0. Beed. Price 6 Bs. 

The Mj^usca of the Banikot Scries : Y(d. HI, Memoir No. 1 n909), pp. ads, 83, pis. 8, by M. 

Cossmann and 0. PiamuRro. Ihtrodnotion, by B. W. Yredenbuiig. Price 2 Bs. 

The Braohlopoda ckf the Namyau Beds, Northern Shan Statea, Burnflik : Yol. UI, Memoir No. 

2 (1917), pp. 254, pis. 21, by S« S. Buokman. Price 5 Bs. 4 As. 

On some Fish-zemains from the Beds of Dongaxgaon, Central Provinces: Yol. Ill, Memoir 


No. 3 (190^, pp. 6, pi. 1, by Dr. A. Smith Woodward. Price 1 Re. 

Anthracolithio FoSls of the Shan States : Yol. HI, Memoir No. 4 (1911), pp. 74, pis. 7. by Dr. 

C. Diener. Price 1 Re. 12 As. (out of print). 

The Fosril Giraffidie of India : Yol. lY, Memoir No. 1 (1911), pp. 29, pis. 5, by Dr. G. E. PUgrim. 
Price 1 Be. 4 As. 

The Yertobrate Fauna of the Gaj Series in the Bugti Hills and the Punjab : Yol. lY, Memoir 
No. 2 (1912), TO. 83, pis, 30 and map, by Dr. G. B. PUgrim. Price 8 Be. 

Lower Gondwana Plants from the GkdaE^arh Pass, Kashmir : Yol. lY, Memoir No. 3 (1912), 
pp. 10, pis. 3, by A. 0. Seward. Price 1 Be. 

Mesozoic Plants from Afghanistan and Afghan*Turkistan : Yol. lY, Memoir No. 4 (1912), pp. 
57, 7, by A. C. Seward. Price 1 Be. 12 As, 

Triassio Fauna of Kashmir: Yol. Y, Memoir No. 1 (1913), pp. 133, pis. 13, by Dr. C. Diener. 
Price 3 Bsi. 4 As. 

The Antfaraodithic Faunre of Koshxnir, Kanaur and Spiti ; Yol. Y, Memoir No. 2 (1915), pp. 

135, 11, by Dr. C. Diener. Price 2 Bs. 12 As. 

Le CrttM et rB0(^ du Tibet Centred : Yol. Y, Memoir No. 3 (1916), pp. 52, pis. 16, by ProL 
Henri DouviU6, Price 4 Bs, 

Snppleinentaiy Memoir on New Ordovician and Silurian fossils from the Northern Shan States . 

Yd. YI, Memoir No. 1 (1915), pp. 98, pis. 12, by F. B. C. Beed. Price 3 Bs. 

Devonian Fossils from Chitial and the Fhmira ; Yol, YI, Memoir No. 2 (1922), pp. 136, pis. 10, 
by F. R. 0. Beed. Price 4 Bs. 

Ordovician and SUuriaoFoasUs from Tunnaa I Yd. YI, Memoir No. 8(1917), pp. 39, pis. 8, 
byF.B.aBeed. Pri9e21U. 

Upper Carboniferous FossUs from Chitral and the Pamirs : Yol, VJ, Memoir No. 4 (1925), pp. 

134, pig. 10^ byjBP. B. C. Iteed. ]^to9B0.13As. 

Indian Qendwana iTants : A Betision : YoL YIL Memoir No. 1 (1920), pp. 41, pis. 7, by A. C. 

Seward and B.Sshn{. Price 1 Be. 12 As. ^ ^ 

The Lamellibranehiata ol the Booene of Bntma ; Yol. YIT, Memoir No. 2 (1923), pp. 24, pis. 7, 
byDr.adeFCoirter. Pride 3 Bs, 10 As. « 

A Beview of tbe Gtods Olsortia with descriptions of several species : YoL YII* Memoir No. 3 
(im).pp.78,nlm82,l9B.Yredettbafg. Price 10 Bs, 5^ . 

An inoomplele of IMteotherioiui with notes on the Indian forms : YoL YU, Memoir No. 4 
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by the lata Fp W« Viedanbiug, edited with naiee t^^ 0« do P. Xfotter; Firiee ^ Ra» i:2 Ae. 

Reekions bt IndiW ToMl Pii^ta V V OoeUeretea (VlamcesifonA 


tTy rni ^TtTn I 


1%c> Fbnha cl the AifliM^Mtie Slate Senae of Kashmir ; Tat XQ (l92S)p pb. 42, pis. B.: Iff 
. > l4i0 ]ateHt S« BiCttipWll^h anli^rodaotoiyClmpterp by dt S. Middl6aiiM raoe0 Ra-.B Aav 
The j^ojfbtylla the Booim oIBnrma s ?qL Xlu (IteS), PP> 39# pts. 4^ by 0r« Q. IS. Pt^rim* 
','.. -PtieeSRi».32.A8. V . :• ' ^ ‘ 

A Slvimiibeeiis Pabte and 0thm Pihnate Foltaib India (..VoL Xiy (I927}p pp, 24» pU 1* 



The FostSl J^ttba^OT Samaiia Baitta and some Neighbouring Areas : VoL XV; An In* 

Nate k Part' 1 (19M^ ^ 1>4» pri^ l Bet.4 As. | >y . littrCol. h. M. 






Records of the geological survey of india. 

Vott 1S68. 

Pfltrl JjM of report for 1867. Ooal-Beame of T«wa valley. Coal in Oarrow 

Hab* Qppyer in Bmdalhhtaid. Heteoritee. 

Goal near Nagpur. Qeologtoal 
wkoB on Sorat ooHeotorate. Oepnalopodoue fauna of South Indian oretaoeoue depute. 
Lead in Baipor dietrictw Coal in Eaatm Hemtohere. Meteorites. 

Pari d (Old of |SM).-^GaetropodoiM fauna of South Indian ocetaoeous d^oaite, Notes on 
route firm Poona to Negj^ vid Ahttedno^mr, Jalna» Loonar, YotmahaL Mangali and 
HHMpanghat. Agatf*flake in pliooene <?) %p<^t6 of Upper Godavery. Boundary of 
Vm&yan series in Bajputana. Meteorites. 

Vot. IL 1869. 

Pori I (oiei of jprint).--ValJl6y of Fooraariveti West Berar. Kuddapah and Kumoot formations. 
Cmtogloal sketob of Shillong plateau. Gold in Singhbhum, eto. Wells at Hecareebagh. 
Hetecmee. 

Pert ^ (cut 0/ prim}.— Annual report lor 1868. Pangsbura tecta and other epedee of Cheloxda 
newer tertlaiy deposits of Nerbudda valtov* Metamorpblo rooka of Bengal. 

Part 3 (om of prim).— Geology of Kutohi Western Lidia. Geology and pl^rsioal geography of 
Nioobar Islands. 

Part 4 (out of piim).— Beds oontaining silioified wood in Eastern Prome* British Burma. 
Uiumlogioal statiatios of Kumaon division. Ooabfield near Chanda. Lead in Kaipur 
district. Meteorites. 


VoL. m» 1870. 

Fart 1 (out of print),i^Ajnml report for 1869. Geology of neighbourhood of Madras. Alluvial 
deposits of Inawadii eoniswoted with those of Ganges. 

Part 2 (out of prim).— Geology of Gwalior and vioinity. Slates at Ohiteli» Kumaon. Lead 
vein near Cmholi, Baipur distriot. Wardha river coal-fields^ Berar and Central Provinces. 
Goal at Earba in Klaspur distriot. 

Part 3 (cut of prim).— Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district. GoaL 
east of Chhattisgarh between BUaspor and Banchi. Petroleum in Burma. Petrokrum 
locality of SudhaL near Puttijung, west of Bawalpindi. Argentiferous galena and oopper in 
Mnnbbum. Assm of iron ores. 

Pail 4 (out of prim).— Geology of Mount Tilla, Punjab. Copper deporits of Dalbhum and Singh- 
bhum ; Iw— Oopper mines of Sing^bhum t 2.— Oopper of Dalbhum and Singhbhum. 
Meteorites. 


VoL. IV, 1871. 

Part i (eiri of prim).— Annual report for 1870. Alleged discovery ot coal near Gooty, and of 
indicatimis of coal in Ouddapah district. Mineral statistios of Kumaon division. 

Part 2 (out o/prim).— Axial group in Western Prome. Geological structure of Southern Konkau* 
Supposed poeurrsnce of native Mtimooy in the Straits Settlements. Deposit in boilers 
of steammgiiiee at Banigan). Plant-bearing sandstones of Godavari valley, on southern 
extenslmis of Eamtbi group to ndghbourho^ of BUoro and Bajmaodri, and on possible 
ooourrenoe ot coal in same directioii. 

part 3 <otfl df print).— Borings for coal in Godavari valley near Dumagudeu and Bhadracltaiam. 
Horbadaeoal-baetn. G^Iogy of Centra) Provinees. Plant-bearing sandstones of Godavari 
valley. > 

P«ri d (oat el priM).— Amjsoidte filtna Bajgur and Hei^ 'Gangpur) Coal-field. 

Sandegxnes inasj^ first t^arrier on Godavari, and in country between Godavari 

ottd Buora« 


Vor,. V. 1872. 



^ Bahidbiidau and Psrria from Eataobi to head olParrian Gult 
ana. Parts (riKutmummet and Banamooiidadfa^^ 

Ortoa. New ooOtfieU h south^easteni H]fderabad (DeMn) 


» 


Port S (aui of prini).^TimAak% and Mainandlim (Oi aait ol Arabia. Ezampto ol loaal Jobttfaig* 
Ajdal group of Western Ptme. Geology of Bombay Ptendeuey. 

Pari i {<ntt of pnn<),--<«Goal In nortbem region oi Sahara basin. Bvideoee afforded by raised 
nyker banks on ooaste of Ipdla# in estimating amount of elevation indicated thereby. 
Possible field of ooabmeasmes in Godavari distnot^ BCadras Presidenoy. Lameta or intra- 
trappean formation of Oenteal India. Petroleum localities in Pegu. Supposed eosoonal 
limestone of YeLUun BUe^ 


Vot. VI, 1873. 

Pari h — Annual report for 1872. Geology of North-West Provinoos. 

Pari 2 (out of pflATK— Bisrampnr coal-field. Mineralogical notes on gneiss of south Hirsapur 
and adjoining eonntry. 

Fart 3 (out of print ). — Celt in ossiferous deposits of Narbada valley (Pliocene of Palooner) : on 
age oi deposits, and on associated shells. Barakars (coal-measures) in Beddadanole field, 
Godavari district. Geology of parts of Dpper ISinjab. Coal in India, Salt-springs of 
Pegu. 

Pari 4 (otif of pftnt).-— Iron deposits of Chanda (Central Provinces). Barren Islands and Nor* 
kondam. Metalliferons resonroes of British Burma. 


Vou VU, 1874. 

Part 1 (out of prittl).-^Annual report for 1873. Hill ranges between Indus valley in Ladak and 
Shah-i-Bula on frontier of Yarkand territory. Iron ores of Kumaon. Baw materials for 
iron-smelting in Banigaoj field. Elastic sandstone, or so-called itacolomyte. Geological 
notes tm part of Northern ilazaiibagh. 

Pairl 2 (out of print ). — Geological notes on route traversed by Yarkand Embassy from Sbah-i- 
Bula to Yarkand and K^gar. Jade in Karakarii valt^, Turkistan. Notes from Eastern 
Himalaya. Petroleum in AMam. Coal in Qsro Hills. Oopporin Narbada v^alley. Potash- 
salt from East India. Geology of neighbourhood of Mari hUl station in Punjab. 

Part 3 (out of pHct}.-»-Oeologioal observations made on a visit to Chadderku], Thian Shan tango. 
Fonuer eytonsion of glaciers within Kangra district. Building and ornamental stones of 
India. Materials for iron manufacture in Ranigonj coal-field. Maoganeae-ore in Wardha 
coal-field. 

Pari i (out of pt iW).-— Auriferous rooks of Dham bal hills, Dharwar district. Antiquity of human 
race in India. Coal reoentiy discovered in the country of f juni Pathans, south-east comet 
ol Afghanistan. Progiesa of geological investigation in Godavari district, Madras Presi- 
dency. Subsidiaiy materials for artificial fuek 


VoL. Vin, 1876. 

Part i (out of print ). — ^Annual report for 1874. The Altum- Artush conridored from geological 
point of view. Evidences ox * ground-ice * in tropical India, during Talchir period. Trials 
of Kaniganj fire-bricks. 

Pari 2 (oHi of pnnt).-^Gold-fie]da of south-east W;paad, Madras Presidenoy. Geological notes 
on Khareean hills in Upper Punjab. Water-Doaring strata of Surat district. Geology of 
Scindia’s territories. 

Part 3 (out of pf in<).--Bhahpur coal-field, with notice of coal esploraticns in Narbada regions. 
Coal recently found near Moflong, Khasia Hills. 

Pari 4 (out of prini).--41eology of Nepal. Baigarh and Hingir coal-fields. 


Von. IX, 1876. 

Part 1 (out of pr»nf).— -Axmual report for 1876* Geology of Sind. 

Pgri 2 <ott<(^pr»nf).-^RetuemeBtof I>rd Oldham. Aged some fossil floras of India. Ckodlum 
of Stegodon Ganesa, with notes on spb-genna and allied lonne. Sub-Himalayhn aeries in 
Jamtt (Jammoo) Hills. 

Part 8 (out of prM).-— Fosell florasSnlndirk Geolog^l am of certain groups comprisedin 
Qondwana series d India, and on evideaoe they afford d disriaot aoologioal and botanical 
tmxesteial regions in ancient epodis. Belations of fosriKfiaroiui strata at Maleri and Kota, 
near Sironcltji, O. P, Fossil mammalian faumh d India and Burma. 

P4Wl4<odo/priiif).*<«FiMaUfioraslnI^ Osteology ofMmyoopotamosdissu^ Addenda 

and Cdmenida to paper on tortiaiy mammalia, PMosauma In India. Geology of pfr 
Pimia! am ael||^bottimg distriots. 
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Part 4 .] 1934 [Februarj 


The Geology of the Krol Belt. By J. B. Auden, M.A. 
((Cantab.), Assistant Superintendent, Geological Survey 
of India. (With Plates 1 7 to 25.) 
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I. INTRODUCTION. 


The area described in this paper forms a small portion of the 
lower Himalaya bciAveen the Gambhar river, which flows from 


Situation. 


Simla to join the Sutlej, and the Jumna river, 
which forms a boundary between Chakrata 


tahsil and Tebri-Garhwal Srirte, 
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Mappin;;. 


It lies in the following territories: — ^Bharauli and Baghat div- 
isions of the Simla Hill States, Patiala State, Sinnur (Nahau) State, 
and Chakrata tahsil of Dohra Dun district. 

The part included in the map (Plate 25) is bounded by latitudes 
30° 30' and 31° and longitudes 77° and 78°. The terra Krol Belt 
is taken from Krol Hill, 7,393 feet in height (30° 57' : 77° 06'), which 
forms a conspicuous feature of the scenery between Kalka and 
Simla. 

The Krol Belt occupies a narrow strip of mainly limestone country 
running N.W.-S.E. in its northeni part, and changing in strike to 
nearly K.-W. towards the south. 

The highest point is Juin Hill, 8,493 feet. The lowest point is by 
the Tons river near Kalsi, 1,530 feet. Most of the counti-y lies below 
4,500 fe(;t. Two important rivers are the Blaini (Baliana)^ and the 
Giri. Solon lies on the watershed between the Indus and the Ganges 
drainage systems. 

The area was mapped during the hot-weather sea.sons of 1928, 
1930, 1931 and 1932 and the cold weather of 1933. It is included in 
one inch to the mile shcfets 53 F/1, 2, 5, 6, 10, and 
14. Mai)ping in the Punjab w'as carried on almost 
entirely on the now obsolete twra inches to the mile Punjab Forest 
sheets Nos. 312 N.W., S.W., N.E., S.E.; 313 N.E., S.E.; 335 N.W., 
S.W., N.E. The delineation of topograjhy on these two-inch maps 
is for the most j)art astonishingly accurate. The modern one-inch 
maps are more generalised. Sheets 53 F/6 and 53 F/10 do not 
coincide properly at their common margin, and geological boundaries 
at the junction of these two sheets have been slightly adjusted. 
The whole of the mapping was subsequently reduced to the half- 
inch to the mile scale. 

Except for Krol and Sainbar Hills, the greater part of the country 
l)ctweon Subathu and Dadahu is devoid of character. Form is 
seldom seen, most of the hills showing only 
irregidar masses of limestone interrupting the 
sky-line. • E.N.E. of Dadahu a marked change occurs, duo largely 
to the preselui(^ of the Tal rocks, which have a sobering effect oh the 
underlying Krol limestones. Views of Guma, 8,098 feet, jawik from 
Nigali Dhar (Plato 18), or of the great scmicii'cle of limestones enclasing 
Tal rocks at Misliwa, ydeld examples of true mountain architecture. 

‘The spelling on the inndorn maps is /*#/<>/ w//. The term has become so 

ti.xnfl in liifliaii p€-ol<»gic{il riomeiiclatun* that it shouM n<it be altereii. It was written 
Plini bv Medlici^t. 

B 2 


Scenery. 
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Above 6,000 feet the temperature lemaios comfortably cool. 
Below 4,000 feet, during the months of April, May and June, climatic 
Climate conditions are tropical. At this time of year 

the densely jungle-covered river valleys are hot, 
humid and impleasant. 

The flora of the plains persists up to 4,000 feet. The dominant 
tree of the lower Himalayan foothills, particularly on sandy and 
shaly soils, is the cMl or <hir pine, Pinus 
hngifvlia. Higher up comes the tak-rhod- 
odendron association. The cedars and fire are rarely seen along the 
Krol Belt, being found only on the northern slopes of Guma and 
Juin peaks. The following is a table of the prominent shrubs and 
trees, with approximate altitude limits, for the area visited. 


Flora. 


Table of Trees and Shrubs, with approximate altitude limits of growth. 
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8,000 






QuercuB in* 
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A bies PUal" 
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0,000 
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5,000 
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rinvft 
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4,000 
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Tho writer is particularly iudobted to Mr. W. D. West, who intro- 
duced him to the geology of the Simla hills, and who, together with 
. , , , , Mr. D. N. Wadia, has discussed many of the 

questions brought forward in this paper. To Col. 
Sir S. R. Christoph 9H, F.R.S., Director of tho Research Institute, 
Kasauli, ho is grateful for hospitality and for information concerning 
tho Tertiary rocks. Finally, the assistance given by His Highness 
tho Maharaja of Nahan State, and by the Sirmur Durbar, should be 
recorded. 


II. PREVIOUS WORKERS. 

Tho first autlioritativo work was that of H. B. Medlicott in 1864^ 
who described a tract of tho Himalaya, 230 miles in length and 7,000 

„ „ .. ... ,, square miles in area, between tho Ravi and 

If. if. AlcdUcoti. ^ ,|. , , , . . 

Ganges rivers. Medlicott s attention was con- 
fined principally to the Tertiary rocks, but his observations on tho 
pro-Tertiary roolcs have formed the basis of all later work. 

Though dividing up those latter rocks into metamorphic and 
uumctamorphic, Medlicott tended to correlate together those showing 
difEerout degrees of metamorphism. His classification was as 
follows : — 

Sub-HimaUtyan scries. 


upper Sivalik 

JMiddio ••.»••••• Naliuu 

TKaBaoli. 

Lower . . ••«••• Sabathu < Dugtihai. 

ISubathu. 


Ilimalayan series. 

1. UnmetamurpLic. 

Krol. 

Infra Krol. 

Blini. 

Infra .Blini. 

111. Metamorphio. 

Crystalline and sub-orystallino rocks. 

While the Infra-Krol and Krol rocks on Krol Hill are practically 
unmetamorphosed, Medlicott considered that their equivalents at 
Simla were crystalline schists, tremolite-limestones and recrystallised 
quartzites. 

^ Mm. QeoL 8wrv, Ini., Ill, (1804). 
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In BX)ito of the great area ho covered, the wealth and detail of 
observation are remarkable, and Modlicott’s memoir will for all 
time remain a classic. 

Between 1883 and 1888, li. D. Oldham published a series of 
papers in the Recorded, on the geology of the hills between Simla and 
Chakrata. lie was concerned chiefly with the 
Blaini and Iiifra-Blaiui rocks and his work 
showed the diflicultics which confront any detailed examination of 
complicated mountain areas. 

In his second paix'r (cUed below), he suggests a glacial origin for 
the Blaini conglomerate, rc-naming it a bouUkr slate. In his fourth 
paper, ho as.signs an Upper Palaeozoic age to these beds. 

From 1885 ouwanls, 0. H. Middhnniss mapjMjd and dcscTibod 
large areas of British Garhwal.^ From the point of vi«iw of this 

, „ l)resent account, lus socoiul paper, on the 

physical goolog>' of West British Garhwal, is 
the most signiiicant, since that tract of country lies to tlie south-east 
of, and in strike continuation with, tins Krol Belt. A new staiulard 
of accuracy in mapping w'sis there introduced, and the possibility of 
great rock translations was forcshadowisl. Middlemiss paid partic- 
ular attention to metamorx)hic condition, noticing traiisitions 
between rocks of wi<l(iJy dilTcrent mctamorphic grade. 

Mddlemiss Avorked later in the, Hazara area, many of the rocks 
and structures of Avhich arc inobably equivalent to those of tho 
Krol Belt.® 

In 1888-1889, li. D. Oklham survcyctl tho country bordering on 
the then projected Kalka-Simla raihvay. His results Avore Avrittcui 
up in manuscript form, but were never published. His mapimig of 
the Tertiaiifss is of great accuracy, but he did not bring out tlio 
complexity of the pre-Tertiary rocks. He tucepts the correlations 
of ilodlicott. 

In 1908, Sir Thomas Holland described a striated boulder from the 
Blaiui beds at Simla, remarking that the find added weight to 
Oldham's supposition of a glacial origin. Ho suggested a Pnraua 
ago for the Blaini.^ 

* Rec. Oeol. Suro, Ind., XVJ, pp. 193*198, (1883); oji, cit., XX, pp. 143-1S3, (1887) ; 
op. cil., pp. IS-l-lfil, (1887) j op. cit., XXI, pp. 130.143, (1888). 

*R(c. Oedl. Svrv. Ind., XVIII, pp, 73-77,(1885); op. cit., XX, i)p. 20-40, (1887); 
op. cit,, pp. 134-143, (1887) ;o|p. cit., pp. 161-170, (1887); pp. cit., XXI, pp. 11-28, 
(1888), Mem. Oeol. fihrv. Ind., XXIV, (1890). 

» Mm. Oeol. Riiro. Ind., XXVI, ^890). 

« Rec. Oeol. Run. Ind., XXXVIl, pp. 120*136, (1008-00). 
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Between the years 1916 and 1918, Trof. II. C. Das-Gupta, of 
the Presidency College, Calcutta University, led parties of students 

lt.UI.C.D«.0.,li ?“ “ ‘I*® Solou aiid ucigh- 

bournood. Prof. Gupta puhlislicd various papers 
on the age and correlations of the rocks in this area.^ 

In 1925, G. hi. Pilgrim and W. D. West initiated a detailed 
survey of the Simla Hills, using the excellent two-inch to one mile 
Punjab Forest nia])s.® Tlieir area li(^s adjacent 
W.%. West****^*"' *”** * north-east of that described in the 

present paper. Their work was confined 
a]mo.Ht entirely to the more nwdainorjdiosed rooks. They realised 
that the apparent simplicity of thtJ se<;l.ions at Simla was jirobably 
deceptive, and, dis(;arding the. correlation of the rocks at Simla 
with those on Krol Hill, th(;y suggested instead that a series of 
thrusts had brought roc.ks of difbuent d(fgrf‘,cs of metariior]ihism to 
lie in abnormal juxtaposition. Their succession is as follows - 


Dugshai aui ies . . . 

tSiibaihu iSeries . 

Krol Kcrioa . . 

Krol Bandsiuno . 

Infra- Krol beds 
Klaifii linieftione 
Blaiiii conglomerate 
JSimla series ( I ufra- Blaiiii) . 
Jaiinsar series . 

Chail series 
dulugh series 


. Lower Mioeoiio 

. Middle Koeerie to 
Upper Oligocone 
V 

>Lowcr Gondwaiia 

. J.ovv(‘r Palaeozoic 
I’lirana 

. PiiViiim 

Althaea 11 ? 


Bhuii liiiicstt.>ne and slates ...... P 'sitinu iin-ert un. 

The soquonce of the Jutogh, Chail, Jaun.sar and Simla, .‘.•cries was 
according to mctamorphic condition, the most metamorphosed being 
regarded as the oldest, Sinw these series o<icur in such a manner 

* Journ. JSoc. Uen;i., N. H., XIV, p. clxs.w, (1918). Jmrn. Dept. Sci., VIII, 

(1920), Calc. Univ. Prew; op. cil., X, (1929). 

*Mi!m. Ueol. 8urv. Itut., UII, (1028). 
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that the most metamorphosed rocks lie at th(3 top, the mure altered 
series were regarded as being founded upon thrusts over those that 
are less altered, as follows : — 


Ascending sequence 


Jutogh series. 


Gliail scries. 


Juuusar series 


-Jutogh tnrust. 
-•Chail thrust. 


■Jaiumir thrust* 


Autochthonous sequence of Simla slates to 
Krol rocks. 


D. N. Wadia. 


The existence of thrusts was indicated, indepondontly of metamorphic 
condition, by disappearance of rock divisions owing to overkip. 

An Upper Carboniferous age was ro-introduccd for the Blaiiri beds. 

In 1928, Mr. D. N. Wadia gave an account of the geology of 
Poonch State and adjacent portions of the Punjab. In this memoir^ 
he shows the existence of extensive thrust 
planes, and of volcanic rocks in the Upper 
Carboniferous and Permian. Thrust-planes are still more emphasised 
in later papers by Wadia, particularly that on the Himalayan 
syntaxis. 

Work has been continued in the Simla hills by Mr. West and 
myself, summaries appearing in the Director’s Genend Reports.^ The 
writer has published a MiscoUaneous Note on the supposed occurrence 
of Ghonetes in the Krol limestone and a short paper on the age of 
certain Himalayan granites.® 

The present paper is a continuation of the work started by 
Pilgrim and West. Some of the views put forward hero differ 
slightly from those previously expounded. 

aiure o paper. ^^ 3,3 j^avo been examined which had not boon 

formerly visited, and from the study of which modified interpret- 
ations have arisen. In no sense can those present opinions bo consid- 
ered final. They are put forward for the purpose of crystallising 
out the information and deductions before the collected data be- 
comes too unwieldy. In regions of such complexity, modification 
is boimd to result from continued work and fuller knowledge, but the 
later work is only a growth from that which has preceded, and is 
dependent on it. 


‘ Mem, Qeol. Surv. Ind,, LI, Pt. 2, (1028). R(X. Qeol Surv. Ini., LXV, p. 180, (1931). 
* nee, Oeol. Surv. Ind., LXII, pp. 164-168, (1929); op. cU., LXV, pp. 125-132, 
(1931) ; op. cit., LXVl, pp. 126-130, (1932). 

» Op. eit., LXV, pp. 534-636, (1931); op. c«., LXVI, pp. 401-471, (1933). 
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HI. SEQUENCE OF FORMATIONS IN SIMLA»CHAKRATA MILLS. 


Slraligra'pMcal sequence. 


Age. 

Solon neighbourhood. 

Tons river neighbourhood. 

JVliucc'He 

N.'ihans (only at Kulka) 

Niihaus 

Lower Miocene 

r lCn.saiiIl 
\ Pag.«»hai 

Dagsluii 

Oliyooeno 

Koooiie 

Sulatlm (Nunimulitie) 

Subathu (NummnliUc) 



Hfiver in amtnet. 

ilretjietoiH 
ami Jiira^.iie 

ah$f'nt. 

Tal 

Upper Tal 

Lower Tal 


1 


Krol B 




Upper Krol 
liHiesluue 

Ixiniferous 

Ivro! aeries 

Lvrol Uiue- 
stoiie 

Krol D 

Krol series 

Krol Uiiie- 
StuiUi 

ICrol 0 

Krol X5 (lied 
Shales) 

lied Slmlca 

Krul A 

\ 

I^owcr Kro 
liinestono 

Krol saudBloiie 

lufra-lvroi 

Intra-Krol 

irpptT (Car- 
boniferous 

Dlainl 


Blaini 


? Dcvoiiinn 
and SUurian 

Jiiuuaar wlUi ikissIMo Mandhall 

Xaglbal st4)ge '] 

Chandpnr stage Vj&jnsar series 

Mandhall stage J 

? Xiower Pal- 
nr^jKolc und 
pre-Uam- 
brlan 

Simla slates niih KakarhattI limoatono 

Dcoban limestone 

Simla slates (Morar-Cliakrata beds) 

Miocene [ and 
older J 

Dolerltca 
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IV. LITHOLOGY. 

TLo litholugical cliaractcrs of tlio vaiiouii rock divisions will now 
be described, in'espoctive of whether correlation will ultimately 
reader some of them equivalent. Beginning with the base of the 
succession are the Bimla slates. 


Simla Slates. 

The Simla slates occur typically on the spura between Simla and 
the Sutlej river. In the Kvo' Belt, tliey are seen in a stretch of 
country which runs from the Gambhar river, past Kandaghat and 
along the Ashmi-Giri rivers. They also occur in the vicinity of 
Subathu and Solon. Alter a long gap, they crop out again between 
Morav, ChakiMta and the Jumna river, north of the Tons thrust. 

The Simla slates are dark- ami sondne-colourcd, with gjey-bluo tints, 
and arc made up of micaceous sliales, bleacliing shales and slates, 
pencil slariis, clay-slates, occasional phyllites, sandstones and predomi- 
nant graywackos. Exc<',pt for fracture <?leavage m some of the sliale 
bands between the mor<! massive graywackes, true oblique cleavage 
Is never s<;(!n. Parting is parallel to the bedding planes. Boflding 
thickness varies ffom ten feet to half an inch, but is characteristically 
massive. 

Ahkal Types. 


(n) Norlh-vud of the Krol thrust. 

The Chhaosa slabis are similar to those found north of Simla. 
Tliey occur in massive beds, two and more fee.t in thickness. 

Chiiausa lypv Graywackes j)redominatc ovcjr slatrss. The most 
characteristic feature of the Clihaosa slatea is 
the wcurrcncc of numerous bods containing pillow- and kidney- 
shaped concretions, up to 18 inches in length, of impme quartzite 
and chiy-slritc set in a clay-slate matrix. The ilifforcnco in compos- 
ition between the concretions ajid the matrix is often very small. 
Many of the j)illow-concrotious are too Hat for their origin to be 
explained by rolling and concentric acewstion on an inclinc<l floor. 
Possibly earthquake shoclcs joltetl partly consolidated material 
amongst overlying softer minis that had been jmst inoviously de- 
posited. Wash-outs may be seen, as in the Ashmi river below 
Sunny. CuiTcnt-bedding is conuuon, especially in the moro quait- 
iritio rocks, and in the Gambhar river shows the beds to be nninverted. 
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Tills division generally occurs in cliffs. The base is not seen. 
Its visible thickness is 1^100 feet in the excoUent exposure along the 
Gambhar river. 

The Domohr slates are thiu-beddod and consist of soft, green, 
micaceous silts, gritty slates, cindery and nodular micaceous sand- 
stones. Kipxdo-marking is very common. 

Doinehr stales. There is a complete lack of metamorphism. 

This division succeeds Ihc Ohhaosa slates and 
him a minimum thickness along the Gambhar river of 1,200 feet. It 
has not been recognised cast of Kandaghat. 

(6) Soutli-we.il of Krol thrmt. 

iJetwccn Subathu and Arki, the Sinda slates sire riolu.T in puckered 
leafy phyllites, but they e.xhibit us well some imis-sive quartzitie 
baiuts, lijiely rijspks-uiarkcil sludy quartzites and green nodular 
nucficeous siltstoiu's. 

The chief fciitmc of these' slates is the intercalation of the Kiikar- 
hatti limestoiw'. This is pale gri'y, blue-grey and luuple in colour. 

, It is microcrjstalliiie and sometimes tiolUic, 
wh<ine(» its pseudo-organic appearance. Chert is 
abundant, in crinkled tludloitl iiatihes more or hjss ptirullel to the 
beilding. The. limestone has Isien strongly strained and ha'i some- 
iinie.s flowed. It is associated with soft, green, needle shales and 
bleaiddug slates. It has been traced by Dr. Pilgrim from Subathu 
to Arki and must coutiuuo fur at least fivo miles further north. 

Mwroscopical. 

There is iiu hard arid fast line between saiulsiunes, graywackes and slates. 
The liner slates, wi ^rain-size less than U*02 inni, arc Uk> uliseurcd by elay-jiaste ami 
dirt bn- (leterniination (21050). In Jess fine-grained reeks, authigciiio <|iiaitz, 
ehloriU' and si'ncile may be. seen. Tlic grain-isi'/e of tho sandstones seldom exceeds 
TO mm, lieiiig usnally about 0*25 mm. Dotrilal grains of pliyllite, quartr., mus- 
covite, plagioclose (10203), tourmaline (21001) occur in a matrix with autlugcuic 
quartz, chlorite and scricite. Cbloriio is common, in minute rods and bundles set 
in quartz ( 10204-), as film-cuvclo]R's to grains (10211), or in patches (10204). 
Secondary scricitc may occur in laths up to 0-25 mm long. Carbonate is rare 
(19205). 

Kakmhatti limestone . — Couccntiic rings of carbonate occur round cores of more 
crystalline carbonate. Interstitial In'twcen the ooliths is a matrix of carbonate, 
dotrilal quartz, plagioclasc ami white mica. Of interest is the intimate authigenic 
association of quartz and carbonate in the ooliths. Good prism sections of quartz, 
with rhombohedral terminations, may be seen showing euhedral boundaries ad- 
jacent to and i>enetratiug tho rings of carbonate. Inside this authigesio quartz are 
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granules uf carbonate which either are uurcplaccd remnants or represent incipient 
crystalliealion of carbonate simultaneously with quartz. Authigenio chlorite is 
also common with sharp boundaries and fresh appearance (21956, 21958). 

Jaunsars. 

The Jaunsars arc provisionally regarded as cotn^nising threo 
stages, in apparent ascending order : — The Mandhali stage ; the 
Chandpur stage ; and the Nagthat stage. Those stages wore only 
properly diHerontiated after this report had been written. 

(a) Mandhalis {Lower Jaunsar), 

A discussion of this dif&colt group of rocks is postponed till a 
later section (page 419). Here 1 shall assume as Mandhalis those beds 
whudi apparently underlie the Chandpur stage (Middle Jaunsars), 
and overlie, by thrust jimctions ; — 

(а) Nahans and possible Dagshois on the south side of the 

Jaunsar syncline ; 

(б) Sinda slates, with or without Nununulitics, on the north 

side of the Jaunsar syncline. 

The apparent succession on both sides of the synclino is more 
or less the same, and is given below. 

flouth limb. North limb. 

dips north. dips south. 

Chandpur stage. Chandpur stage. 

White massive quartzite. White massive quartzite or quartz-schist. 

{g) Bansa iimostono, sporadic. Bansa limestone, very persistent. 

(/) Slates and phyllites. Slates and phyllites. 

(e) Dhaira (30 33' : 77 50') limestone. Khambroli (30 38' : 77 60*) limestons. 

Locally graphite-sohist. Locally graphite-slate, 

i'i) Boulder bed. Boulder bed. 

(c) Quartzites, grits and conglomerates. Quartzites, grits and conglomerates. 

(5) Kalsi limestone or marble. Naraya (30 39^' : 77 60}'} limestons or 

marble. 

(a) Kalsi quartzites and bleaching elatos. absent. 

Krol (hrml, dip north. Tons (Arust, dip south. 

riahans, possible Dagshids NununuUtios, possible Bagshais, teating «n 

Simla slates. 
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(a) The Ealsi quartzites and bleaching slates may be seen on 
the hill half a mile W.S.W. of Kalsi post office and on the lower 
slopes of the hiU-sides east of the Amlawa nala. The quartzites 
are dull grey-white, and highly veined with quartz. The slates 
are only seen in a weathered condition, being bleached and stained 
with iron oxides. 

(b) The Ealsi limestones arc most easily scon near the foot- 
bridge over the Amlawa nala, half a mile north of Kalsi post office, 
and on the col between hills 6,925 and 6,658 f<c(, south of Kailana. 

They are highly banded and interbedded with slate or phyllite. 
Colours arc variable — gicy-blue, green, purple and variegated purple- 
white all being seen. A sandy ])asis is rare. When unstressed, the 
limestones are ndcrocrystallinc, but stress has commonly led to the 
formation' of fine-grained marbles, rvhich are sometimes visibly 
crystalline. Specimens from the same locality may be unfolded or 
highly contorted. 

A feature which has occasionally been noticed, as, for < xample, one 
mile £. S. E. of Mandharsu, is that the apparent bedding-planes of this 
limestone are in reality joint-planes, since the composition bands, which 
give the true bedding, may be seen to cut these planes at liigh angles. 

(c) The overlying quartzites, grits and conglomerates maybe 
well seen just upstream from the footbridge over the Amiawa nala 
on the banks of the Jumna river, by mile 33 along the Chakrata- 
Mussoorie mule-track and at Dagura. Conglomerates are rare, 
but pebble beds containing pebbles of vein-quartz and purple slate 
or phyllite are common. Colours are pale green, grey and piirple. 
The rocks are strongly ripped with vein-quartz, and are generally 
sheared to give schistose quartzites, and pebble schists. Chlorite u 
the chief mineral developed, which imparts the dominant pale 
green colour. Those schistose quartzites often weather into soft 
rooks that belie their real mctamorphic nature, a consequence 
possibly of the ease of water permeation along the incipient planes oi 
schistosity. There results an anomalous feature in that the Numm* 
ulitic quartzites, found locally at Dabra close to the Maiulhalis, arc 
vitreous, and appear superficially to show greater metomorphisn] 
than the weathered Mandhali quartz-schists. 

(d) The boulder bed occurs almost invariably above these 
pebbly quartzites and just below the Dhaira limestone. There 
may bo other boulder beds, but it is impossible to tell to what extem 
foHng and faulting may have displaced the original succesaon am 
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have xesulted in duplication of some beds with elimination of others 
that were formerly adjacent. 

The best localities for seeing these rocks arc in the Jummi river 
700 yards W.S.W. of Bias, in the Tons river near the thrist contact 
of Mandhalis with Simla slates, a quarter of a mile S.S.W. of hill 
6,571 feet, and in a nala half a mile south-east of Makhta. The matrix 
is either slate, gritty slate or pure sandstone. Boulders and pebbles 
consist characteristically of limestone, dark slate, pale and dark 
sheared quartzites, and vein-quartz. Limestone fragments are 
invariably present in these rocks, in contrast to their rarety in the 
boulder bed of the Blaiui. The limestones are either dark and 
mierocrystalline, or marmoriscd to white, speckled, fine-grained 
marbles, similar to the mannorised typo of the Kalsi limestone. 
Occasionally pink-weathering limestones are also seen. Together 
with these limestone fragments, there are very frequently found 
slivers of dark limestone that grow in sitv in the rock. In the 
Tons river, these slivers may be seen to be tip to 3 feet 6 inches in 
length. They are never over two inches thick. It is impossible to 
assume that such flat plates of limestone were deposited as frag- 
ments derived from erosion of pre-existing limestones, since they 
would have fractured in transport. Stress has certainly caused 
elongation of some of the fragments of limestone and quartzite, but 
the dimensions of these slivers are siwh that they cannot Ims accounted 
for solely by stress-elongation. Further, leuticlcs of .sandstone of 
similar type to the limestone slivers, are also found grading insens- 
ibly into a sandstone matrix containing boulders. The whole 
aspect of these rocks is that of original lenticular deposition of 
primary and derive<l constituents. 

Immediately below the Dhaira limestone is sometimes seen a 
graphite-schist or slate. The clearest exposures are in the Jumna 
river, 700 yards W.S.W. of Bias, where graphite-schist intervenes 
between boulder bed and limestone, and in the Shwala nala, 0-67 
miles west of Maralhan, where there is an abrupt contact of graphite- 
.slate containing lenticles of carbonate and the overlying limestone. 

(c) The Dhaira limestone is made up of thinly interbedded, dark, 
microi'.rystalline limestone and dark jiyritio slate. The limestone is 
often lenticular and may' closely re.s»?mble the liower Krol limestone. 
It differs from the latter, however, in its gn'aLir degree of inter- 
b.anding with slate, in its markedly .angular folds, and in its frequently 
sandy basis. This limestone may be seen oti the south side of the 
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JatmsaT syncline at Pathna, north of Badhana, hill 3,993 feel, Dhaira, 
and in the Jumna river at Bias. On the north side of the Jaiuisar 
synclino, it is to be seen between Ara and Khambrali, near Uptoli, 
and south of Dagura. 

(/) Between the Dhaira and Bansa limestones occur silvery 
black, sheeny phyllites and X)ale green, slightly talooso phyllitcs. 
Tliese are best seen north of Udpalta. 

(g) The Bansa limestone is very distinctive suico. it weathers to 
deep blue-black, granular surfaces, showing abundance of sand 
grains. On fracture the limestone is almost invariably eu-crystalline 
and blue in colour, though grey and purple colours are sometimes 
seen. The bedding is coarse, though the individual lasds may Ije 
seen to be made uj) of many bands of slightly varying sand content. 
This sand cohbmt is far gn'.atcr than that of the Dhaira and Kalsi 
limestones, from which the Bansa bmestone is also distinguishes! 
liy its more maasive bedding. 

On the north limb of the Jaunsar syiudinc, the Bansa limestone 
has been traced almost without interruption for 24 miles and lias 
been an invaluable horizon. Along the southern liml) of the sjmcline 
it is inconstant, though it occurs intermittently from just north of 
Chandni to a short distance east of the Kalsi-Chakrata motor road 
after which it is, for some reiisou, ent out. 

Intimately conmnsted with the Bansa limestone and often inter- 
bedded with it, is a pale quartzite or quartz-schist. Ihis has been 
placed as the bottom member of the Chandpur stage, though the 
division should not be taken to imply any break in a»‘dime.ntation. 

(6) Chmiljmr stage {Middle Jaunsar). 

The rocks of this stage form a distinctive outcrop from Chandpur, 
past Naga Tibba, Cliorani, and exteudmg eastwards to Nag Tibba 
in 53 J/N.W. 

The most characteristic features of tliis stage are a highly banded 
association of quartzite an<l phyllite, ami the presence of abundant 
green bwls. As many as 24- bands of quartzite and phyllite nuvv l»e 
seen in two centimetres. Althougli quartzite, is really in excess of 
phyllito, the latter appears to prolominate since it invariably a<lh<>reH 
as tliin films to the surbrnos of l-lie qna.rtzite. Tlie true ratio is se.en in 
sections at right angles to tho bedding. As a result of compression, 
this quartzito-phyllito association is generally thrown into striking 
crinkles and fold-puckers, which, together with the small-scale 
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banding, zesnlt in simulation o! fosedl wood. Tbe puekeia zesemble 
lipple-maiks, but axe usually too regular and of too accentuated 
amplitude actually to be so. True ripple>marks do occur in the 
quartrite' bands, wbicb impart to the later deposited muds, now 
phyUite, the same relief, but in such cases the amplitude is in keeping 
with that of ripple-marks. Later compression may, of course, fold 
these sedimentation ripples into puckers. 

The phyllites grade into sheeny schistose phyllites, which just 
lack a suiEoient degree of metamoiphism to be called true schists. 
Such schistose rooks are used as roofing material at Manogi, wrongly 
called Dikroli, in 53 J/N.W. 

Besides this dominant quartzite-phyllite association, there are 
more massive current-bedded qirartzites and an extensive series of 
chlorite-tufis, slates and quartzites. These green rocks occur in 
distinctive homogeneous beds, showing strong polygonal jointing, 
and brown crusty weathering. Fraeture is with a sonorous ‘ hammer * 
ring. 

The majority of these roolm are metamorphosed tufis, though 
occamonally amygdaloidal basic lavas are found as along the 
Mussoorie-Chakrata mule-path between miles 20 and 22. The 
differentiation in the field between tuff, lava and fine-grained intrus- 
ive rook (1 contemporaneous with the volcanic materitd) is often 
very difficult. The coarser dolezites are, of course, readily recognis- 
able. 

There is no doubt about the pyroclastic and volcanic nature of 
the green rocks themselves. It is possible, however, that much of 
the so-called quartzite-phyllite association may also be tuffaccons. 
Many of the quartzitic bands under the microscope show little 
clastic quartz, but solely a fine-grained mosaic of quartz, sericite and 
chlorite, similar to that found in the undoubted tufb. 1 am indebted 
to Dr. J. A. Dunn for drawing my attention to this possibility, and 
to references to photographs of the highly banded, recent, sub-aerial 
tuffs in New Zealand.^ 

The thickness of this stage near CSiorani and Nagthat is at 
least 4,600 feet. 

(o) NagAat stage (Upper Jatmsar). 

ISie Nagthat stage was only recognised as a separate group in 
1933, after this paper had already been written. West of the Tons, 

^ttU, S. Z, Sekntipe (ml IndutUrki Seaeareh, No. 32, (1932). 
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it was not diSeiontiated by mapping ftom tho imderlyiug Obandpui 
stage, thongK it is undoubtedly represented by outcrops in tbe 
Tons river Wow Andra, and at Minal Bag. 

In the present map it is well seen on Nagthat Hill and by Lakbwar, 
but the beat development is to tbe cast, in sheets 63 J/N.W. and 
J/S.W. 

The characteristic rocks are sandstones, arkoses, quartsites, grits, 
conglomerates, clay-slates and phyllitcs showing purple and green 
colours. Some of the sandstones are p^'ritic, weathering to rusty 
bleaching crusts. The arenaceous rocks are strongly current-boddod 
and ripple-marked. The conglomerates contain pebbles of vein- 
quartz, often stained rod or p\irple, purple and pale quartzites, 
purple and green slate or phyllite. They are typical of the Jaunsar 
conglomerates of the Simla area. Green tuffaceous sandstones arc 
developed east of the area incUided in the map. 

Boulder bods have been foimd in probable Nagthat beds in two 
places. One exposure is on the hill-side 0-4 miles N.N.W. of Hiyun ; 
the other exposure is in the Tons river 0-7 miles south-west of Altau. 
In both localities, the boulder beds are associated with quartzites, 
slates and phyllitcs, while in the Tons locality, there are also dark 
micaceous slates of Infra-Krol typo. No limestones were seen. 
The boulders are angular, and consist of dark slate and greenish 
quartzite, types common in . the Jaunsars, The matrix is gritty. 
Other boulder beds occur in what is definitely the Nagthat stage, 
south of the Aglaz river in sheet 53 J/3. 

In the Newali nala, immediately to the north-east of Ehadayat, 
are found green tuffaceous quartzites, some of which are agglomcratic, 
and resemble the gritty facies of the Blaini when relatively free from 
pebbles and boulders. 

Great variation in metamorphic condition occurs. Some of the 
rocks are soft day-slates and sandstones. Others are takoso phyllites 
and schistose quartzites. 

The rocks of this stage appear in the north to lie conformably 
upon the Chandpur stage, often with a basal conglomerate (Nagthat 
Hill). Towards the south it is probable that they overlap the Ohand- 
pnr stage with marked unconformity. The significance of this 
unconformity is not at present fully imdorstood. 

Microscopical. 

When anaHered, tite arensceoua rocks of the Jamuars are geimralfy mwe or 
1 ms para quartsHes, with or without plagiodase and tenmaUne. Qrain-sise 

q 
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aTei’agos 0*50 mm> within limits^ in the BpeoimenB examined, of 1*7 mm, and 0*20 
mm. The feldspar is almost always plagioclase, near the albite end (21978, 21967). 
Tourmaline is generally common (21977, 21967). The cement is silica. Inoroase 
of strain may be seen by the following progressive symptoms : — 

(1) Extensive strain shadowB, (19196, 21967). 

(2) Breaking up of the clastic grains by frittering along the margins and forma- 

tion of sericite quartz mosaic continuous with the grains. Strain shadows 
marked (21966, 21978). 

(3) Greater proportion of matrix formed by break-down of the grains. Marked 

frittering and straining (21963, 21077). Clastic structure discernible 
under low-power and in ordinary light. 

(4) Grains isolated in a crush matrix ofserioite and quartz, chlorite and quartz, 

or chlorite, sericite and quartz. The original munded clastic grains have 
lost their original contours and become angular, with frittered edges 
intimately associated with the pulp matrix (21976, 19197, 21969, 
21970). in the hand specimen, some of these quartzites are markedly 
schistose (44*103). 

(5) Matrix more common than grains and clastic origin just discernible under 

low-power. No original edges to grains. 

21972 1 

010170 f chlonte-sericite-quartz-schist 
21973 y 

21964 ohlorite-sericite-magnetite-quartz-schist. 

Not all the matrix of some of these rocks is secondary in origin, formed by the 
break-down of grains. Some of it is primary, being the finer-grained clayey matrix 
that sun*ounded the grains of (juartz and feldspar. It is difficult in cases of obvious 
reconstruction, in which break-down is manifest, to determine the proportion of 
primary and secondary matrix, since both yield a fine-grained mosaic of sericite 
chlorite and quartz. 

The rocks of sections 4 and 5 could be confused with those in the Ghails. 
Tourmaline and plagioclase do not necessarily occur in the same slice. The plagio- 
close does not necessarily give rise to sericite on crushing, since even in crushed 
rocks full of secondary sericite, the detrital plagioclase may be fresh (21978). 

Similar features are seen in the phylUtes, but the ratio of matrix to detrital grains 
is greater. False cleavage occurs, oblique to the fine bands of phyllite and phyllitio 
quartzite (21971). 

The finer-grained, mottled, green-purple beds are difficult to examine. A very 
fine and intimate association of quartz, chlorite and sericite is just discernible, the 
individual chlorite laths being up to 0*06 mm. in length (21974). 

The limestones are generally crowded with detrital quartz and very frequently 
plagioclase, microclino, and tourmaline (21982). In most of the slices, there him 
been corroirion of quartz by carbonate (21983). The grains of quartz have lost 
their smooth edges, and show in growths of small prisms of carbonate. Apart from 
the dekital quartz, there is a finer-grained interpenetration of authigeuic quartz and 
carbonate (21980). 

Blaiai. 

There are two typical rook-faoies in the Blaini the boulder bed 
or tilUte, and the limestone. These form the most unique and 
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striking rock association of the whole area. There is, however, no 
typical development of the Blaini, since no two exposures agree in 
character. The boulder bed may occur alone ; or limestone may 
occur alone. There may be several boulder beds, with or without, 
limestones. The boulder beds, and/or limestones, may lie on Simla 
slates, on Jaunsars, in beds of Jaunaar type, or in tbo.se of Infra-Kroi 
type. This last manner of occurrence is particularly common in the 
Solan area. The slates of Tnfra-Krol type that are so intimately 
connected with the Blauii, shoiild probably be mapped as Blaini. 
Since, however, the boulder beds and limestones often die out later- 
ally along the strike, there has in many case.s been embarrassment 
in distinguishing between Blaini and Tnfra-Krol slates that are 
lithologically identical, but, which, on account of this absence, are 
no longer separated in dip section. Consequently, those slates of 
Infra-Krol type that occur below the Blaini are mapped a.s Tnfra- 
Krol. Similarly, conglomerates of Jaunsar typo associated with 
the Blaini are mapped os Jaunsar. 

The tillitos arc described in plural, though it is uncertain in the pre- 
sent area to what extent repetition of boulder bed.s and limestones in 

„ . , , . dip sections is due to original sedimentary repet- 

ition, and to what extent to unbneate faultmg. 
That there must have been locally more than one boulder bed is 
shown by the presence of water-rounded boulders of tillite itself in 
tillito (Plate 20, fig. 2). 

The boulder beds are generally dark grey-brown in colour, and 
consist of angular, sub-angular and rounded boulders set in a fine- 
grained matrix. The matrix may be clayey or gritty. The quantity of 
boulders varies, they in some exposures being absent. The boulder- 
free matrix in such cases is often a greenish, hard quartzite full of 
closely packed polygonal joints, as at Lagasan and in the Damkri 
ntda. The size of the boulders varies from three feet to that of very 
small pebbles. Their angularity is for the most p^ determined 
by the jointing and thin-bedding of the parent rocks from which 
they were eroded. There is gradation from tiUite to conglomerate, 
containing rounded pebbles of vein-quartz. Good examples of this 
gradation may bo seen in the nala which flows south from Kandon 
to join the Giri river. The boulder beds may be strongly sheared, 
in which case the matrix becomes cleaved, phyllitised and evjentually 
schistose, while the pebbles become flattened out so as to be difficult 
to distinguish from the matrix. This is best seen on the Juint 

o2 
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CSiandpor ridge. Soratcheaaie gomothnes found on the boulders, 
but it is iuposrible to be sure whether these are duo to internal 
friotion or to glacial action. Certain Jaunsar phyllites north of 
Shallai show the presence of grooves, whieh were at first taken to bo 
due to internal friolion, but which, on closer inspection under the 
lens, are found to be corrugations or minute cross-foids running 
perpendicular to the strike of the strain-slip cleavage. 

The boulders and pebbles are of the following types : — dark 
slate, greenish quartritio grit, pale quartrite, pepper sandstone, 
gceon siltstone cn* slate, banded slate, vein-quartz, occasional micro* 
crystalline limestone weathering bufi-coloured. Their provenance is 
undoubtedly the Simla slates and the Jaunsars. The provenance 
of the limestone fragments is uncertain. In one case the limestone 
appears to bo of Blaini type (19104). 

The limestone is generally pink and microerystallme. It docs not 
eilervesoq with aoid or scratch with a knife. Its bedding is from 
half an inch to six inobos and is generally 
" ' contorted. Another typo of limestone is one 
which is sandy and soft, weatherii^ to thick dark orange-brown orusts. 
This is often distinctly ferruginous. 

Tlte limestone ^des by addition of clay matter into calcareous 
slialoa and slates, which may bo purple- or pink in colour. Some- 
times these are all that is seen in the Blaini, as at Barog Station, 
at the base of the Erol thrust. 

Out of the great variety of sections seen in the Blaini rocks, the 
following three may be taken: — 

(o) Zn ffte Tons river ^ helm Andra (30® 36' : 77® 44')— 

Mta-Krol slates irith true cleavage. 

Blaini boulder bed, 20 feet thick. 


Jaunsar quartzites. 

(h) Fn as Kawal KhoF, near height 3^1 feet (30® 60' : 77® 10*). 


litfra*Kxol banded olay-slate. 

Purple and pink, banded, slaty limestone 

More masfdve, pink, lenticular limestone • • « , . 

Wghiif dieared boulder bed, with twisted knots of gritty clay-slate 
INnefy banded green and purple crinkled slates 
Imulder bed 

Sheared slates and slaty quartzites 

Ooi^lomerate with * eggs ’ of vetn-quartz • • « 


Feet, 

50 

10 

25 

30 

25 

10 

15 


Banded and sheared bleaohing slates, oclonied on 
BMids 


165 

map as Infra Krol, but parqperly 
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(c) Dhar spur, near UU iJ960 feet (30® 68' : 77® 02' 30"). 

Infra-Krol ahalee and slates. 


Pink limestone • • » 

Boulder bed • . 

Slates and gritty slates. 
Limestone 
Boulder bed 
Papery slates. 

Limestone 

Boulder bed 

Slates and gritty slates. 

Limestone 

Boulder bed 

Slates and gritty slates. 

Limestone (no boulder bed) 

Leafy\9latea with gritty slates. 

Earthy limestone 

Bed shales 

Pink litnostone . • 

Boulder bed k 


Horizontal distance of section, 
about 4,000 feet ; dips Variable, 
* ( 4 but minimum thickness 3,000 
. ) feet. Most of this is due 
probably to thrust multiplie- 
N ation (see Plato 35, Section 1). 


. 2 



Bleaching and pa])ery slates, mapped as Infra-Krol. A small wedge of Sulmthus, 
The whole has been tlirust over Subatlnis, by the Krol thrust. 


Mkroscopical. 

Hic matrix of the boulder bed shows angular ft(^;mcnts of quartz, quite 
ungraded, set ita a dirty fine-grained quai-tz-clay matrix, witli secondary serieito 
in latlis of 0-016 nun. (23001). When tiio boulder l)ed8 are more cnished the sericite 
Ijocomcs longer, 0-03 mm. (22002). Exceptionally the matrix is of caloito or 
dolomite (21999), as in the outcrops of Blaini near Masria. 

Pebbles include ; — 

Bcorystallised mosuc quartzite (21999) . . Probably Jutogh. 

Sorioite-qaartzlte (21999) .... Probably Jutogh. 

Fine-grained orkosio sandstone with! glau 

oonlte (91909) ..... Simla slates. 

Sandstone conteuning many grains of phyllitc 

and carbonaceous, slate (21998, 10196) . Simla slates. 

Grit with isotropie clay paste matrix, similar 
to grits below Blaini at Gadhasar (19193) . Blalni. 

Fine-grained sandy limestone (19194) . . BlainL 

This list is not representative, since speoimms fw rook-sectibns were not taken 
from pebbles whoso provenanoe was unquestionably Simla slate and Jannsar. In 
particular this appUes to the abundant bOuldras of dark slate so universalty found 
in the Blaini. 

The limestones do not call for comment. The typical hard silieeous limestone 
(dtOWS a very fine-grained mosaic of carbonate with interpenetrating quarts, and 
rate feldspar (19901). The impute sandy limestmies iriiow abnndaat qimtia, with 
oooosioniii oligBdase, detrital wUte mioa, set ift a mateix onrlxmate (21O07h 
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Infra-Krol. 

The Infra-Krole aie made up of highly inoompeteut rocks which 
have beou folded and inter-faulted that no representative section 
and no reliable estimate of their thickness can be made out. Fresh 
rocks of the Infra-Erols in stream sections differ so markedly from 
the more commonly seen weathered rocks on hill-sides that it has 
sometimes been difficult to assure on<M3olf of their original identity. 

The Infra-Ejols consist chiefly of dark shales and slates, closely 
intcrbedded with thin buff-weathering a qiurter of an inch to four- 
inch bands of impure slaty quartzite. This banding is close enou^ to 
bo called of varve typo. Occasionally thicker beds of popper quartzite 
are found. Towards the top of the Infra-Krols (that is, in sections 
scon below the Krol sandstone and limestones), black carbonaceous 
shales or slates occur without the thin bands of slaty quartzite. 
The overlying of paler Krol sandstones on black Infra-Krols is well 
seen on the spurs south of Krol Hill and north-west of Bajgarh Hill. 
From a distance tlio dark carbonaceous bods shine in a striking 
manner in the reflected light of an afternoon sun. 

The banded facies of dark shale and paler impure quartzite 
weathers on hill-sidos to a very characteristic association of thin, 
bulbous, sheeny, gritty clay-slate, often green in colour, and concentric 
ring-bleached slates. The latter are ramifled with irregular joints, 
now marked out by harder ridges as a result of liberation of iron and 
its precipitation as ferric hydroxide cement. On account of strong 
small-scale folding and recent cementation, these two rock types 
usually occur together in complete chaos. The commonness of iron 
in the Infra-Krols is seen in the universal seepages of ferric hydroxide, 
and white incrustations of ferric sulphate and chloride, which cover 
the surfaces of these rocks. The parent mineral must have been 
pyrites. 

The Infra-Krols show great variation in the extent of motamor- 
phism. In the Solan noi^bourhood shales prodommato, though 
at the closing end of the Krol synclino, in the lower Blaini river, 
the shales become true slates, with cleavage dip to the north-east. 
The intervening harder bands do not cleave. Bast of Dadahu the 
Infra-Krols are universally cleaved, while northwards, north of Boat 
and on Juin and Chandpur Hills, some of the beds turn into pearly 
phylHtes and even become schistose. In those places they are ramified 
by veins of quartz. Their identification with the Infra-Krols is told 
by their occurrence between the Blaini and Lower Krol limestones. 
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wliich also show a concomitant, incxeaso in metamorphism, and is 
supported by the presence of ring-bleached slates of more normal Infra* 
Krol type. East of Dadahu cleavage vmies in dip from 35° to 70°, 
and in dip direction from N. N. W. to N. N. E. The ndnimum 
thickness of the Infra-Exol rooks is about 600 feet, but no reliablo 
estimate is possible. 


Microscopiced. 

The cleaved slates consist of a polkilobJasiic mixture of seiicite and quarts 
with sericite up to 0*036 mm. in length. Pyrites is abundant (22005). The assoc- 
iated slaty quartzites, or gidtty clay-slatcs, are frequently calcareous and 
show a reformed mass of quartz, carbonate, sericite, pyrites. Some of these tougher 
bamls resemble the sandy limestone or calcareous sandstone faciea of the Blaini 
(22004). Increase in alteration is told by the greater size of the sericite laths. Slice 
22006 is a leformed mixture of chlorite, sericite and quartz, with considerable 
quantities of carbonate and pyrites. The chlorite and sericite may occur together 
in a single crystal in alternate layers parallel to the basal plane. In all these rocks, 
there is a large quantity of carbonaceous dirt. 


Krol Sandstone. 

ill the Bolon Uioighbourhood, the Krol saudstouc ic generally seen 
as a soft crumbling sandstone, without good bedding and stained an 
orange colour with iron. Excellent exposures are found along the 
Kalka-Simla motor road, at the foot of Fachmunda Hill and at 
Salogra. NorUi of Krol Hill, near Kanda^iat, and in the nala which 
flows from Solon to join the Giri river, the sandstone is a hard qnartz- 
ite in which bedding is well displayed. A conspicuous feature is 
the presence of bands rioh in disc-liko fragments of black shale, seldom 
over 2 mm. thick but up to 5 cm. loug. These shale fragments readily 
bleach, and are almost certainly derived from pene(M>ntemporaneou3 
erosion of the undorlymg Infra-Krols. Towards the south-east the 
sandstone ceases to be a single horizon, but splits up and becomes 
strongly iuterbedded with oarbonaceous shale. Such interbanding 
may be seen in the Kawal Khal and at Ajga. Still further to the 
south-east, the intervening shale bands tend to disappear and, besides 
the quartzites with shale discs, there are coarser lentioular pebbly 
beds. The sandstone is 360 feet thick on the south &oe of Krol 
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Hill ftbove Bantn, 60 feet in the south-east eornei of sheet 53 F/1, 
two feet in the Giri river at Dadahu, and dies out on the western 
side of hill 3,619 feet. 

In the ti^tly squeezed Krol syneluu! in the Kawal Khal, the 
sandstone becomes a homy quartzite, strongly veined with quartz. 
At Kadhar, below a local thrust, it has been highly polished by 
friction and has been broken down (22010). 

Mr. Wadia* has suggested that some of the Krol sandstone may be 
a metasomatiscd limestone. The microscopical evidence is against 
this supposition, since it is difficult to see how any replacement of 
lime by silica would result in such a striking grain structure as is 
shown by these sandstones. Had there been replacement, one 
would have expected an irregular mosaic of quartz and chalcedony. 
The only mosaic that has been observed is that in the crushed rock 
from Kadhar, where there is no question as to its mode of origin. 
The crumbling variety of the sandstone may probably be explained 
by de^silicification, and loss of the silica cement. 


Tho most striking feature of the Krol sandstone iii the neiglihourhood of fiolon 
is the degree of rounding of the grains. In very fine varieties, such as 10188, in 
which the maximum grain size is 0*16 mm., the grains ore all angular. Tho re- 
mainder of the rock sections show excellent rounding in grains of 0-30 and 0*26 
mm. in diameter. In two slices (19183, 19186), the rounding is well displayed in 
grains of 0*20 and 0*17 mm. diameter. There is generally a strong silica cement 
(19186, 19184). 

In the sheared sandstone from Kadhar (22010) are seen veins of crushed rock 
which ore now a rectystallised mosaic of quartz and from which the clastic struotuTC 
has been quite lost. There are intense strain shadoAvs, mid on increase in bire- 
fringence of the chlorite envelopes to the grains. This crushing is local, since in tho 
some slice may be seen less crushed grains, 0*20 mm. in diameter, in which the 
roundhog has not been obliterated. 

5nie ronnding ot the grains is almost certainly due to wind action, since 
0*30 mm. appears to be the minimum possible dhuneter for rounding ceased 
by attrition in water.* 

* Rea. Oed. 8vrv. Ind., LXV, p. 128, (193U. 

* BaO^, Oeei. Mag., p. 106, (1924). ^enhofri, * Itcatise on Sedinientati<m *, 
pp. 165-17(^ (1928), eites experiments by Galloway in wfairii the loww efleotlve limit of 
abrarion in water is considersbly less than 0*30 mm., patrioularly for soft mina ialt. 
However, Hie pereentoge rif wett-ronnded grains of hard quartz in w Kiel sandstones 
is over 60, and the dednetion given above k probably valid. The roundkg was ^e 
to wind, but the sandstones were water-deposited. 
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Krol Limestones. 

In this division of the Kiol series is a great variety of limestones 
and shales. In the Solan area, Oldham divided the Krol limestones 
into three sub-stages: — 

Upper Krol limestone, 

Bed Shales, 
liOMret Krol limestone. 

Between longitudes 77** and 77^ 25', it has been found possible to 
subdivide the Upper Krol limestone into three sub-stages, so that 
in all five sub-stages have been mapped in order the bettor to bring 
out the structure of the belt. For the most part, differentiation has 
been relatively easy. In places, however, on account of a basic 
similarity shown by some of the limestones in the three upper sub- 
stages, and owing to the intense folding which the eye can see to 
have taken place, aside from what is evinced by the mapping itself, 
diSerentiation has been more uncertain. This applies chiefly to 
squares A 1 and B 1 in sheet 53 F/6. East of 77° 26', the original 
three divisions made by Oldham in the 8olon area have been 
adhered to, althou^ locally, especially near Miahwa, it would have 
been possible to delineate all five. Here, however, no useful purpose 
would have been served by subdividing the Upper Krol lim''stone, 
since the overlying Tal beds have prevented the Krols folding 
individually. Tals, Krol limestones, Inira-Krols and Biaiui fold 
as a single tmit. The combined thickness of the Krol limestones 
varies from about 1,800 feet to nearly 4,000 feet. 

Krd A {Lower KrtH Kmestone). 

In the area round Solon, this stage is made up of limestones and 
shales, in beds from one to four inches thick. Woafhered surfaces 
show subdued grey-green tints. Fresh fractures are bluer. The 
limestones are s^mn crystalHne. In oomposirion these" beds ^ow 
rapid altemalions of shriy limestone and calcareous shale or slate ; 
mther in pataM bods (Plate 21, flg. 1), or as discontinuous, in-weather- 
ing, lenticular pillows ^ limestone surrounded by cidoareoas shale (some 
ate seen in Plato 22). Neat Sdon, at the top of the stage, is a 
more massive 2040-foot limestone, wluoh is fmquently dolomitised. 

Small-scale cunent-beddiug h often seen (39*800), and in a few 
places, ripple-marks. Near Kotla and Dadhag, the lipi^ea have been 
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accentuated by subsequent oompression.^ Discontinuous struotuios, 
once fonned, appear to liave aoted as avenues of relief to later stress. 
The strike of these ripples is 120°-300'*. 

Fracture cleavage is universal. The calcareous shales, thus 
cleaved, may be seen lying about the hill>8ide8 as pencils and needles. 
Towards the east, the shale facies begins to show true oblique cleav- 
age. Between Dadahu and the Tons river, the Krol A stage is reoog« 
lused by the presence of banded grey and green slates (44*91), while 
northwards, near Milla and Mangal, the slates become puckered, 
veined with quartz, and almost phyllitic. The puckering at Milla 
is parallel to 130**-310*’. In the east, distortion of the beds and 
lenticles of purer limestone becomes marked (Fig. 7 and Plate 22). 

Black chert is common as thin bands, or in pillows up to nine 
inches long and three in height. At latitude SO*' 33' 22" : longitude 
77*' 44' 51", g]^sum, with subordinate anhydrite, was found in a 
bed, 18 inches thick and 20 yards long, which appears to bo an 
original deposit in the Lower Krol limestone. 

In the Solon area, the apparent variation in thickness of these 
limestones is from 100 feet in parts of the south-west flank of the 
Belt, to some 2,300 feet, one mile south-east of 6,066 feet hill. The 
former thickness is due partly to reduction by thrust elimination, and 
the latter thickness to thrust multipHcation. The real thickness 
probably varies from 300 feet on Pachmimda Hill to 700 feet on 
hill 6,066 feet. Within the area included by the maps, there seems 
to be no great variation, but further south-east, by Mussoorie and in 
Garhwal, these beds appear to become much thinner. 


Krol B {red shales). 

This sub-stage is characterised by soft, thinly laminated, purple- 
red shales, with blotches and intercalations of green shale. Thin 
dolomitic and cherty limestones are common. Ripple-marks are 
sometimes seen. Near the top of this division are parallel-bedded, 
shaly limestones similar to those in the Lower Krol limestone. The 
shales of this sub-stage ate very incompetent; bedding is seldom 
preserved and their thickness is variable, owing to internal packing 
in the cores of folds and attenuation along the limbs. Slaty cleavage 
is never developed. Adjustment to stiwss takes place along countless 

* UagiMwed iMgstiTM (9x 12 cm.) Ko«. 298, 299. Book opeoinuni Bo. 48*748. 
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irr^iular slip surfaces, in the greener ^ales, with formation of ohloritic 
minerals. The maximum undisturbed thickness of these shales is 
about 300 feet. 


Krol C. 

This is the most conspicuous limestone on the hills round Solon, 
occurring in a single cliff from 150 to 300 feet in height. It is 
a massive, dark-blue, crystalline limestone, which usually stinks 
on fracture, and weathers to black ‘ chopping-board ’ surfaces. 
Dolomitisation is often seen, 

Krol D {chert, KmesUme and shale sub-stage). 

In this sub-stage are alternations of cherty limestones and shales, 
with shale usually in excess of limestone. The limestones are either 
pale or dark and stinking, in beds from ten to 30 feet thick. The 
chert is pale and occurs as thin wisps and in continuous bands up to 
two inches thick. The slialcs arc of black, red, green and orange 
colours, the darker varieties often bleaching in a manner similar to 
those of the Infra Erols. Karo conglomerates occur, with pebbles 
of vein-quartz and of chert. Soft white sandstones arc often found. 
Some of the limestones are. penecontemporaneous breccias. The 
rocks of this sub-stage may be recognised on the terraced south face 
of Krol iiill, above the cliffs of the Krol 0 limestone, but their most 
characteristic development is between Bhaunrari and Mangarh, 
where the limestones readily twist into small scale overfolds in the 
great excess of shale (Plato 19). Gypsum was found as pockets 
replacing limestone near Bhaunrari. The mim’mum thickness of 
this sub-stage south-east of Narag b about 600 feet. 

Krd E. 

The rooks of this division afford rugged scenery, since they are 
seldom seen below 4,000 feet. Bedding is well developed, from one 
to five feet. The main rock type is a banded grey and pale cream- 
white microcrystalline limestone. Freshly firactured surfaces of the 
paler varieties are white and porcellanous. Thin crinkled vems of 
oalcite are common in the form of * sutures which stand out slightly 
on a weathered surface. These limestones pass by increase of grain- 
quartz first to pale sandy limestones, in which the quartz grains 
stick out as small millet seeds, and finally to pale calcateoua sand- 
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stcmMt More rate are eacohuioidal orystalUne limestones and oreMS'* 
wliite limestones showing tubular and ellipsoidal growths of caloite, 
radial to cores of calcareous mud. These gro\vths are deceptively 
like corals. !Red, orange and black shales are present, but are subord* 
inate in amount to the limestones. The minimum thickness of 
this sub-stage is about 600 feet. Between Mishwa and Dugana, 
the combined thickness of the C, D and E sub-stages is of the order 
of 3,000 feet. 


The Krol A limestones are very fine-grained and show olustors of carbonate 
in an almost isotrdpic matrix (22012) with quartz, sericitc and pyrites (220L3). In 
the more horny and siliceous varieties, carbonate is rare and sericite and quaitz 
occur in a fine-grained to cr 3 rptocry 8 talline pulp (22014). 

The limestoaee of Krol 0 and D are purer, showing simple mosaics. Stoess 
results in idioblasts of coarsely ciystalline calcito, from the size of a pin-head to 
nodules 2*5 cm. long, embedded in finer limestone (22018, 22019). Some of the 
cherty limestones show carbonate ciystals embedded in cryptocrystalHne silica. 

The Krol E limestones are more interesting. Those that were sliced were 
chiefly sandy Umestones. The sand grains arc both angular and rounded, being 
fouiKl up to S mm. in diameter. Pellets of calcareous mud are common (22020). 
The grains of quartz have been corroded and replaced by carbonate which occurs 
as ingrowths obliterating former edges (22024). .In 22027, microcline appears 
similarly to have been replaced. In the saccarhoidal limestones, quartz and calcito 
have crystallised out side by side, with the quartz showing good hexagonal sections 
(22025). Beplacement of quartz by calcite should result in an increase in volume, 
since the molecular volumes of the two arc respectively 22-07 and 30*86. No sign 
of strain due to expansion is seen, which is probably to be explained by the capacity 
for flow, rather than fracture, of limestone. Tourmaline is a common dotrital 
mineral, particularly in the limestones round Mishwa (22027). 


Tab, 

These beds occur in two synclinal basins completely surrounded 
by Krols. When first encountered in 1930, the upper stage of the 
Tab was regarded as Jaiinsar and the lower stage as Infira^Erol. 
Later they were conddered to be a completely new series, lying 
normally above the Krob, and to bo equivalent to the Tal beds 
doserfibod. by Middlembs in Qaihwal/ Thb conclusion has been 
coefinned, with as mneh certainty as b possiHe in correlating between 
locks of isolated basins. 


* m, Oeol. Ind^ XX, p. W, (tS87). 
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MedHoott^ noticed beds belonging to the upper stage of these Tals 
on what was Idien called * Korloe * peak. This peak m in approx- 
imately tile position of Giltu ka O^bba, hill 7,005 feet (30** 40* ; 77** 
29*). He was mistaken in correlating them with the Krols, and in 
underestimating their thickness. 

The seonio changes from the rugged cream-white limestones of 
the Krol E stage, to the soft dark shales and graywaokes of the 
Lower Tals, and from these to the pale oliS-forming Upper Tai 
quartzites, are very striking. 


UplKsr Tala 


Xitower Tals 


Sequence of Toi bede. 

/Tyark limestones and calcareous sandaionea; quariKites; 
shales. 

Massive arkosic sandstones or quartzitos; pebble bods; 
shales* 

^Alternating quartzites, often pebbly, with shale or slate. 

'"Micaceous shales or slates with a few quartzites. 

Thick series of carbonaceous shales and dark giay wackes, 
.< ill massive beds marked out by finer banding and 
current-bedding. These pass laterally to tough slates 
and phyllites. 

^lUack chert beds and carbonaceous shales or slates. 


'The beds of the Ijower Tab*, particularly when converted into 
slates, are often very similar to those in the Infra-Krols. When 
uncleaved, they are usually to be distinguished by their more massive 
bedding, and by the abundance of dark graywaoke, both features 
being absent from the Infra-Krols. The carbonaceous shales readily 
bleach, but generally as a uniformly weathering crust, and not in 
rings as in the case of the Infra-Krols. Many of the graywackes are 
strongly calcareous. Bipple-marks are sometimes seen. In the 
western basin, the Lower Tals vary from about 1,800 feet in the 
west to 3,600 feet in the east. In the eastern basin, they {oobably 
do not exceed 2,000 feet. 

Quartzites form the most characteristic member of the Upper 
Tals (Plate 18). They are generally arkosic, and vary in colour from 
white to pale green. Occasionally thei’c are found purfile sandstones 
(7,216 feet peak). Currmit-bodding is universal and ripple-marks are 
common. Many of the sandstones are pebbly, contaimng pebbles 
of vein-quartz, green slate and pink feldspar, whitii is abundant 
and sometimes up to 10 mm. long. Pebbles of feldspar are not 
seen so often in the eastern of the two basins, though arkosic sand- 
stones are common there. 


i Mm. ami, 8w». Ini.. 111. p. 45, (1864). 
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Intertiddded mth iiie Upper Tal quartzites ate purple, ted, and 
green micaceous shales. Some of these are striking in their irregular 
vermicular tubes and nodules of pale sandstone. These shales were 
probably sub-aerially exposed, the tumed-up edges of sun-cracked 
mud becoming filled in with later washings of sand. Near Gubsar, 
where the Tals have been tilted vertically in proximity to the Guma 
thrust, shales have been converted to puckered phyUites. Clay- 
slates are common in the northern pars of the western basin. 

The limestones are always dark, sandy and current-bedded. No 
fossils have been found. Soft sandy limestone may be seen to lie on 
hard, highly jointed quartzite (Plate 23). 

The thickness of the Upper Tals, in the eastern basin, when not 
reduced by thrust faulting, is about 2,000 feet. In the western 
basin, it is probably, greater since the sandy limestones at the top 
are there preserved. 

Allusion has been made to the similarity between ihe Lower 
Tals and the Infra-Efols, and between the Upper Tals and the 
JTaunsars. Differentiation between the Infra-Erols and Lower Tals 
is cbtefly megascopic. The differences between the quartzites of the 
Jaunsars and the Upper Tals are as follows : — 


Tourmaline 

Plagioclaso 

lH^oroolino 

Strain features 


Megascopic appearance 


Jaunsar quartsites. Upper Tal quartzites. 

Rich , • • • Not nearly so rich. 

Rich • • • • Poor. 

Poor, except in Nagthat Rich, 
stage. 

Strong, and marked by SomotimeB . strong, and 
frittering along grain marked by new quartz 

edges, ending with mosaics. Quartz-sekist 

schistose structures. nercr seen. 

Generally dirty quartzites Generally whiter, less 
which may show intense horny and not so markedly 

ramitication by veins of permeated by quartz, 
quartz. Frequently 
schistose. 


The shales and clay-slates of the Upper Tals lock the phyllitic 
and tou^ slaty condition usual to the Jaunsars. Fhyllites in the 
Tals are rue. In manner of origin, it is prob&ble that some of the 
Jaunsars and Upper Tals were fonned under almost identical delto- 
continental conditions. 


Microtcopical. 

Oorbonoto is present in all the massive graywaokes. No ferromagnesian 
ndnends, like angite or hornblende, have been fonnd. snob aa are properly reqoiied 
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by tho definition of these rooks, but tho abundance of ohlorite suggests formation 
from minerab derived from basic rooks. Biotite is common, but less so than white 
mica. The main part of the rocks oonsbt of reconstructed quartz-chlorite-carbonate 
and quartz-sericite-carbonate. Chlorite occurs as laths, in hexagonal plates and in 
bundles (22034). Plagioclase may be common (22033). Some of the graywackes 
may be tuffs. 

The grain-size of the Tal quartzites averages 0*60 mm. Most of tho sections 
show abundant microcline (22039, 22041). Plagioclase is not common. Tourm- 
aline is a frequent accessary (22038). Chlorite may occur as envelopes to the grains 
(22035). Clastic stnictures may 1)e partly or almost wholly obliterated on account 
of recrystallisation, first as small-scale mosaics along the edges of grains, and finally, 
after passing through a stage of heavy strain shadows (22041), to a coarser inter- 
penetration mosaic throughout the grain (22038). Bundles of sericitc are formed. 

In the arkose from the Gubsar locality, the clastic structuro is still clearly dis- 
cernible, particularly in ordinary light, but the strain shadows are severe and there 
has been incipient recrystallisation (22032). The associated puckered phyllite 
(22031) shows Ncleavage oblique to the bedding, and rotation of quartz grains in a 
gritty band. Abundant new mica has formed parallel to the cleavage, coalescing 
in directions ]}erpendicular thereto. 


Tertiaries. 

It is not necessary to go into detail about the Tertiary rocks. 

Tho Subathus consist of olivo>green and purple, oily-looking 
shales, ramified with minute irregular joints, and by planes of move- 

Subathus which are often filled in by caldte. 

There are also ^een and white sandstones, 
iron-stained quartzites, and rare ripple-marked dialy sandstones. 
Shelly limestones and unfossiliferous sheared limestones, full of 
veins of caloite, are common. Well-preserved fossils are rare, ihe 
shelly limestones boii^ made np mostly of broken oysters. Nummu- 
lites are seldom seen. Two oharaoteiistic facies, of limited distribut- 
ion, are a ferruginous pisolitio laterite and carbonaceous bed, one 
specimen of whioh contains over 60 per cent, of carbon. Yety 
occasionally, con^omezates made up of fragments of pale mioro- 
crystalline limestone, set in calcareous sand^ mud, are found. The 
provenance of the limestone fragments is not known. They do not 
match any seen in the Eiol series, nor those in tho Snhathu rocks 
themselves. 

Near Kalka, along the Eawal ^al, and east of Dadahn, oootus 
an abnormal metamorphio facies of the Subathus. The pnrple and 
green shales become phyllitised and veined with quartz, while the 
earbonaoeous diales are converted to dirty bleaching slates, exactly 
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similar to those in the Infra-Krols. Greenstones are locally common 
east of Dadahu. A band of massive limestone, thicker than is usually 
found in the Subathus, is strongly developed near Satatm. 

In the KasauU noighbourho^, CSol. Christophers has shown me 
a wcll-dehned, white, quartzitic sandstone which intervenes between 
the Dagshais and the Subathus, and is a usoM 
* * * mapping horizon. The Dagshais proper con- 

sist of alternations of purple, cindety, sandy shales and purple or green 
sandstones, in beds up to 16 feet riuck. The efieot ^ese alter- 
nations on the scenery between Dagshai and Subathu is very striking. 

Current-bedding and ripple-marks are common. Conglomerates 
occur, containing the same t}rpc of limestone fragments as are found 
in the Subathu conglomerates, and also red shale derived from con- 
temporaneous erosion. Between Dagshai and Subathu, these beds 
are 2,000 feet thick. 

The KasauU beds differ from the Dagshais in their general lack 
of purple colour, and in the predominance of sandstone over shale. 

The shales are less cindery, and greener. They 
may be either soft, or hardened to clay-slate. 
Some contain fragments of pahu leaves. The sandstones are massive 
and generally hard. 

The Nahans show the same regular alternation of sandstone 
and shale. The sandstones are massive, soft, green-brown in colour, 
rudely jointed, and coarsely current-bedded. 
The clays are chocolate and green in colour, 
and usually conoretionaiy. Both sandstones and clays are streaked 
with purple. 


Kasaults. 


Nahans. 


Microsot^pieal. 

The Subathu sandstones are often calcareous, and owe their greenish colour 
to chlorite. OlauoMiite is feirly common (2SM2). The phyllitised Subathu shales 
show new chlorite aasoeiated with reinlets of quarts (89044). 

The Dagshai sandattmes are seldoin oaleareoBs. They eoatain fiagmenta of 
pbylUte, carbonaceous slate (Infra Krol or Subathn T), rare limestone and Subathu- 
like sai^tones. Minerals include tourmaline, garnet, plagiodase, kyanite, 
zircon and derived glauconite. They give the appearance of initial loose packing 
of phyllite and slate fragments with sand, and subsequent compression, with 
spfaqdi%<oat of phyllite to yield new matrix (21961, 28046). 

ONtnet is common in the Kasanli sandstones (101^ 21941). 

The Kshsa beds (indndisg Filgriin’s division of Sutlej beds, portfa-west of 
Subathn) are of interest in tiie frequent presence of hrsgmenta of volcanic rock 
(21046, 81046, 21948, 21947). These appear to be glassy andesites and basalts, the 
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latter largely chloritised. They differ from the greenstones found intrusive in the 
Subathua and Nahans cast of Dadahu. Garnet, tourmaiine, plagioclase, mic^roclinc, 
glauconite, and fragments of phyllite, carbonaceous, slate and limestone arc 
common. Carbonate becomes an important constituent, in many of the Sutlej 
sandstones being over 10 per cent, of the rock. 


Dolerites and Allied Rocks. 

Basic liypabyssal rocks have been found in the following form- 
ations Jaunsars, Infra-Krol, the A, B, D divisions of the Krol 
limestones, the Subathus and the Nahans. 

The dolerites in the pre-Tertiary rocks are occasionally found 
fresh and^ not sheared, but more usually are sheared and may even 
be converted to chlorite-schists. Most of the specimens arc green 
with patches of white representing saussuritised feldspars. 

The basic rocks in the Tortiaries are now greenstones. Shearing, 
and perhaps hydrothermal action, has been intense. No schists 
have boon produced ; instead there are iiuiumcrable irrogidar slip 
surfaces, so closely packed that it is impossible to obtain a good 
hand-specimen. 


Microscopical. 

Under the microscope the pre-Tertiary dolerites (22049-22057) are seen to 
contain : — magnetite or pyrites, apatite, augite, biotite, plagioclase feldspar, quartz, 
and alteration products. 

Plagioclase is always in excess of pyroxene. Biotito is a common constituent. 
A graphic intergrowtb of the later crystallised plagioclase with quartz is generally 
present. 

The pyroxene is augite. Under stress it changes variously to antigorito, 
ohrysotile, uralite and chlorite. 

The biotito is usually associated with magnetite and chlorite. 

The plagioclase is always zoned and varies in composition from oligoclase to 
andosine. It is generally badly saussni itised. 

Quartz is common, both in individual crystals and in graphic intergrowth 
with plagioclase. 

Carbonate is frequently found, resulting from the liberation of calcium on the 
break-down of augite and plagioclase. 

These rocks range from quartz-oligoclase-dolerites to quartz- 
audesiue-dolerites. They may be called comprehensively 
leucrrpkyres. 

The dolerites in the Tertiaries (22058, 22059, 22060) may belong to the same 
suite as those just described, though they show a greater quantity of feldspar and 

P 
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qoarte. The inteifpwvth of these two mineralg is more involved, approaohing 
miorapegmatite. The angite is very seldom preserved, ieing represented by chlorite, 
nralite, magnetite, pyrites and calcite. The feldspar laths are generally completely 
satissiiritised. Carbonate is abundant. The relative freedom of the quarte- 
plagioclase inteigrowths from saussuritisation suggests that some of this may be of 
secondary origin, a hydrothermal effect more or less simnltaneous ivith the move- 
ments which resulted in the break-down of the original doleritcs. These rocks may 
also be called leucopbyres. 


V. DIFFICULTIES OF CLASSIFICATION. 

A certain experience of the rocks of the Krol Belt has impressed 
upon one the fact of striking similarities between rocks of different 
series. The series as given in the table of formations, and as shown 
on the map, represent the outcome of weighing-out evidence of 
similarity and di.ssimilarity, and of studying sections in localities 
where the rooks have not been exceasively disturbed. Once estab- 
lished, either in the text or on the map, the dissimilarities which 
led to the ultimate differentiation of the rocks tend, perhaps, to 
obscure the sirailariti^ which also exist. Given more or less complete 
sections, or given continuity along the strike, there is generally 
little difficulty in adjudicating the importance of similarity or dis- 
similarity, even when characteristic rock groups are missing, since 
the position of the rocks with reference to other known stages, about 
which there is no question as to which series they belong, by itself 
yields information. In many places, however, thiusting and folding 
have been so severe that single stages occur in abnorinal positions, 
and die out without anywhere showbxg, in their small outcrops, 
charaoteristio rock facies of diagnostic value. In such cinsumstances, 
neither lithology nor position can assist in determining to which 
^up they belong, and their assignation may be extremely difficult. 
As examples may be mentioned ; — 

(1) The outcrops along the 6iri river from Tikaii to the con- 

fluence with the Jagar ka Khala, which are mapped as 
Infra-Erol. 

(2) The outcrops, 14 miles in length, from Chiyan to beyond 

Satauu, mapped as Infta-Eiol. 

(3) The outcrops round Bajana, mapped as Lower Tal. 

(4) The outcrops between heights 2,820 and 2,796 feet on the Giri 

river, where an arbitrary line has been drawn between 
the Simla slates and the Jaunsats. 
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Characlnrifitic fonea of diagno^lic valve. 

Simla slates . — Chhaosa slates ; Domehr slates ; striking at Bomehr, but un- 
typical at Kandaghat. 

Jaunsars . — Purple conglomerates with * eggs ’ of vein-quartz ; very inconstant* 
Crinkled slate-blue phyllite, strongly interbanded with thin phyllitio quartzite. 
Massive, blue, crystalline, sandy limestone (Bansa limestone). 

Blaifii . — In its normal position between Himla slates or Jaunsars, and Tnfra* 
Krol, is very stiiking ; but see Mandliali question, page 410. 

Injra-Krol . — No single unique eharaotcristic. 

Krol livm&ione, — Krol I) ; — some cherty limcstoni^s ; oi diagnostic value only 
in dift’erenliating between the various Krol limestones ; 

Krol E : — crc^am-w'hito p)rcellanous limestones ; 

The sub-stages do not often occur singly and cH>mplctely isolated in foreign 
rocks, (bmbinatioii of characters and relative position is of great value. 

Tala . — -^Nature of bedding in Jjower Tals and microscopic characters (microclinc) 
in Upper Tals. 

Olive-green and purple, oily-looking shales, with ciiboidal jointing. 

Lithological characters commmi to fnore than one scries. 

(1) Black, apparently carbonaceous, shales or slates, wliich readily bleach, and 

often contain pyrites : — 

Simla slates, Maiidlialis, Jaunsars, Blaini, Tnfra-Krol, Krol sandstone, 
Krol B, Subathus. 

(2) Banded, black and grey, * varved ’ slates and gritty clay-slate - 
Jaunsars, Blaini, Tnfra-Krol. 

(3) Purple phyllites : — 

Mandhalis, Nagihat stage, Suliatbu rocks locally Bub-phyllitic. 

(4) Ited shales : — 

Jaunsars, Blaini, Krol B (Tertiary red shales are more distinct), 

(5) Conglomerates and poblde lieds ; — 

Simla slates, Mandhalis, Jaunsars, Blaini, Krol T>, Tals, Subathns. 

(0) Jioulder beds ; — 

Mandhalis, Jaunsars, Blaini. 

(7) Arkoses ; — 

Jaunsars, Tals. 

(8) White sandstones or quartzites : — 

Simla slates, Mandhalis, Jaunsara, Blaini, Infra Krol. Krol sandstone, 
Krol D, Krol 111, Subatlius. 

(9) (a) Lenticular limestones in calcarcous shale or slate : — 

(6) Thin-bedded, blue, miorocrystalline limestones : — 

Mandhalis, Krol A. 

(10) Sandy limcn^tones : — 

Mandhalis, Jaunsars, Krol E, Tals. 

(11) Shelly limestones : — 

Tals, Subathus. 

P2 
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Sedimentaliion characters common to more than one series. 

(1) Eipple-marks : — 

Simla slates, Jaunsars, Krol A, B, D, Tals, Subatliiis, Uagshais. 

(2) Current-bedding: — 

In the sandstones and quartzites of all the series. 

(3) Mud-cracks : — 

Jaunsars, Tals. 

It is evident that most of the series were deposited under tdiallow 
water, epicontinental, conditions. The Jaunsars and the Upper 
Tals were probably continental formations, deposited in piedmont 
and fluvial environments. 


VI. REPETITION, CURRENT-BEDDINQ AND INVERSION. 

It has been seen that the resemblance between facies members 
in what have ultimately been regarded as diflerent rock series is often 
striking. In the field it has led to rmcertainty in mapping, since 
similarity might be due to two causes: — 

(1) Bepetition in the course of time of similar sedimentary 

conditions; the existence, therefore, of distinct sediment- 
ary series. 

(2) Bepetition of a single series by tectonic movements— 

(а) by thrusting ; 

(б) by overfolding, with inversion. 

When the beds which are now regarded as Upper, and Lower Tals 
were first encountered in the Nigali syncline, I took them to be 
respectively Jaunsars and Infra-Erols. On this interpretation, 
supposed Jaunsars overlay supposed Infra-Krols and these, in turn, 
rested on Erol limestones. Close by, known Jaunsars had been 
found normally to underlie known Infra-Krols (with the Blaini 
intervening). Ilie thou^t, in fact the hope, presented itself that 
a great overfold had been found, causing the repetition, in inverttHl 
order, of Jaunsars and Infra-Krols above the Krol limestones. 


Omreet suceeuion. 


Possible sueeeasion. 


Upper Tals 
Lov« Tals 
'Krol limestones 
Infoa-Srola 
BSaini . 
Jaunsars . 


Inverted Jaunsars. 
Inverted Infra-Krols. 
Krol limestones. 
Infaa-Krols. 

Kaini. 

Jaunsars, 
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To decide if tihis were so, the ourreut-bedding surfaces of the 

Current beddin quartzites which are now regarded as Upper Tals, 
and of those in the true Jaunsars, were examined. 

The principle involved is that in undisturbed areas, the curront- 
bodding surfaces face concavely upwards. If cases are found in 
which the current-bedding surfaces face convexly upwards, it may 
be assumed that the beds in question are inverted. 

Cloos^ appears to have been the first to use this method, while 
it has been employed with considerable success by Prof. Bailey 
and others in Scotland.^ 

Cases are found in which the current-bedding occurs as plane- 
surfaces, oblique at a constant angle to the true bedding. Other 
cases are seen in which the curves of current-bedding are inflected, 
and asymptotic both towards the top and bottom of the bed of 
sandstone.^ These are rare, and are of no use in demonstrating 
inversion. Inflected forms have occasionally been seen in the Siwalik 
sandstones, and in the sandy Bansa limestone of the Jaunsars, but 
they are vdiy uncommon in comparison with the normal type of 
current-bedding surfaces which are truncated above, and asymptotic 
below. 


Prof. Boswell has been kind enough to write to me on this subject, 
lie states that in experiments which he and Prof. Wilton have carried 
out on the deposition of sand of average diameter 1-lOOth of an inch 
(U*25 mm.) in glass-sided troughs, the following results were obtained : — 

(1) With moderate velocity, up to 1*2 feet per second, ripples 

of wave-length of about three inches were produced, and 
current-bedding occurred of inflected form, asymptotic 
at the top and base. 

(2) With increased velocity, up to 1*5 feet per second, the tops 

of the ripples were eroded to a plane-surface, abruptly 
truncating the bedding. 

(3) With still higher velocities, larger ‘ whale-back ’ ripples wore 

formed, of wave-length of ten or more inches, on the lee 
side of which the bedding, although ai^^ptotio at the 
top of the mounds, abutted abruptly on to the floor of 
the underlying material. 

The commonest type found in sedimentary rocks corresponds 
to that in section (2) ; that of section (1) has been seen, but is not 


* ZtUtekr, f. prakl, QeoL, p. 340, (1014). 
> Geol. Mag., p. 08-02, (1030). 
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common ; that of section (3) I have not seen. In the Kaimux rooks 
of the Vindhyan plateau, current-bedding is universal, and is always 
of type (2). Contradictory oases, in which the ciirient-bedding 
is convex upwards, do occur in sedimentary rocks, and are ascribed 
by Prof. Boswell to exceptionally high velocities of transport. 

It is agreed that, given a large enough number of cases, and 
neglecting those that are ambiguous, it is possible to use the dispos- 
ition of current-bedding as a means of determining whether inversion 
has taken place. 

When applied to the Tal quartzites of the NigaU syncline (Plate 23) 
and to the Jaunsars of the clififs overlooking the Tons liver, it was 
found that both sets of quartzites were in a normal, uninverted 
condition. It was impossible, therefore, to suppose tliat the Upper 
and Lower Tals were inverted Jaunsars and Infra-Krols in the middle 
limb of a recumbent fold. The alternative explanations wore either 
that tlirusts had brought uninverted Jaunsais and Infra-Krols on to 
Krols, or that the rocks in question belonged to a later series than 
the Krols, in normal order above them. A wider experience of the 
rocks above the Krols showed that the two divisions graded 
into each other, by the increase upwards in number of quartzitic 
bands. The change in lithology is so gradual that it was impossible 
to map the boundary between the two divisions witliiu a range 
smaller than 200 feet. 

Further, no sign of Blaini bods has ever been seen between the 
two divisions. The Blaini is, it is true, sometimes eliminated from 
the normal Jaunsar-Blami-Infra-Rrol succession, but never extens- 
ively so. If thrusts had brought Infra-Krols over Krol limestones, 
and Jaunsars over both scries, it would bo very surprising that the 
Blaini, which normally intervenes, should never be seen incorporated 
in the thrust masses. 

These facts, togelher with the lithological difieiences enumerated 
on page 301, seem sufficient to warrant the belief that the beds over- 
lying the Krol limestones belong to a later series. The occurrence 
in Garhwal of Tal quartzites overlying massive limestones, similar 
to the Upper Ktol limestones, is enough to clinch the matter, because 
in Garhwal there is not the same difficulty of the existence of an 
underlying, hi^y quartzitic series with which the Tal series could 
be Confus^. 

liie disposition of current-bedding has further shown that the 
Siinla slates in the Gambhar river te> the south-west of Simla, the 
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Jamutars north of the Girl river (eaat of Dadahu), and the Jaunaara 
north of Eando, are in a normal, uuinverted order. 

Inversions in which strata have been folded through 12U°, are 
fairly common, espcciaUy along the north face of Kamli Dhar. These 
have come to light as a result of mapping, since the stages concerned 
do not contain current-beddod sandstones. -Further, minor flat 
folds are often seen from a distance in the limestone bands of the 
Krol D stage, but these occur on a small scale in rocks, which, taken 
as a unit, are in normal order (Plate 19). 

As appUeil to the Krol Belt, the oxaminatiou of current-bedding 
has been of most use in deciding whether or not the great outcrops 
of quartzites of the Tal, Jaunsar and Simla series have been com- 
pletely inverted in large-scale recumbent folds. 

The general structure of the Krol Belt is clearly one of uuinverted, 
or only slightly overturned, sequences, which have been brought 
forward by thrusts, and not of recumbent folds. 


VII, ORIGINAL SPATIAL RELATIONSHIPS BETWEEN DIFF- 
ERENT SERIES. 

Simla Slates, Jaunsars, Blaini ( ? iWandhali). 

The sequence given by ■ Pilgrim and West was in descending 
order : - Blaini : Simla slates : Jaunsars. 

This w'as based on two main considerations : — 

(1) The Blaini was foimd most usually to overlie Simla slates. 

(2) The Jaunsars appeared to be more metamorphosed than 

the Simla slates and wore tlieieloic jcgarded as older thati 
them,^ 

Between the Gambhar and Giri rivers, Jaunsars had been found to 
overlie Simla slates, usually with supposed Blaini intervening. The 
explanation given was that Jaunsars hod been thrust into an abnormal 
position upon the Simla slates with their capping of Blaini. Any 
Infra-Krol slates and Krol limestones that might originally have 
overlain this Blaini, were thought to have been planed ofi from the 
Blaini and pushed south over the present belt of Krol rocks. 

Subsequently it has been found that over wide stretches of the 
Krol Belt, pa^cularly in the oast, Infra-Krol and Blaini lay directly 


^Pilgrim and West, op. cil., p. 21. 
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upon Jaunsars. There was also evidence that the Jaunsars which 
overlay the Simla slates of 6,474 feet hill and Kandaghat, without the 
intervening boulder bed and limestone, might in reality be in a normal 
stratigraphioal order upon them.^ It was therefore suggested that the 
correct sequence might be Blaini : Jaunsars ; Simla slates. 

The greater general degree of metamorphism shown by the 
Jaunsars may be regarded as an accident of their lithological compos- 
ition and of their position with reference to zones of greater stress. 

This question is more complicated than was supposed in 1928. 
I had tended to ignore the usual occurrence of rocks resembling the 
Blaini between the Jaunsars and the Simla slates. 

In places where I had worked in 1928, the intervening supposcHi 
Blaini was absent. There was an apparent lithological gradation from 
Simla slates upwards into Jaimsars, as may be seen on the Kauda- 
ghat-Chail motor road near Senj, and along the Subathu-Kathlighat 
mule-track betw'een distances of four and 4^ miles from Kathlighat. 
Purple slates and quartzites increase in importance in the Simla 
slates, imtil they are finally succeeded by more massive Jaunsar 
quartzites with associated green and purple beds. 

At the opposite, eastern, end of the Krol Belt, the Mandhali rocks, 
with boulder beds, pink limestones, and a complex association of 
conglomerates, quartzites, purple phyllites, bleaching slates and 
limestones, have recently been found to underlie Jaimsars and to 
occur above a series of sandstones, quartzites, shales and slates 
which are equivalent to the Simla slates. 

The nature of these Mandhalis is obscure. Oldham, Pilgrim 
and West all tentatively correlated them with the Blaini and Infra- 
Krol. If this be so, ^e Jaunsars must lie as a thrust mass upon 
Mandhalis, in a manner comparable to their thrust position inferred 
by Pilgrim and West on the Blami in the Simla area. 

■ The question of the Mandhalis will be discussed in a later section 
(page 419). Here I shall just state the view that the Mandhalis may 
be possibly a series which occurs normally at the base of the Jaun- 
sars. There may, in fact, be two distinct groups of boulder 
beds uid limestones, hitherto both called Blaini, one at the base of 
the Jaunsars, between them and the Sunla dates, called the 
MandhaliB, the other at the top of the Jaunsars, below the Infra- 
Krol, the Blaini senm stricto. 


^Xee, OeoL Svrv, Ind., LXII, p. 166, (1629). 
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On this view, the whole outcrop of the so-called Blaini between 
Simla and south of Badgala which occurs between Simla slates and 
Jaunsars may bo Mandhali. The Jaunsats in this case would be 
in normal position upon the Mandhalis, without an intervening 
thrust. 

At Badgala Pilgrim and West (page 26) describe the occurrence 
of slates and a massive limestone which they suggest may be Infra- 
Krol and Krol. It is possible that these slates and limestone, are 
really equivalent to those found in the Mandhalis of Knlsi. 

Tliese authors also (p>igj^.s 87, 88) describe a sequence of Blaini : 
Jaunsars : Simla slates at Firan and Pajal which was puzzling on 
the belief that the Jaunsars normally occurred below the Simla 
slates. Their siiggcsted explanation (pago.s 118, 119) is that the 
Blaini lay upon an eroded overfold in which Jaunsars had been 
brought abnormally and inverted above Simla slates. If, as is 
here suggested, the correct sequence is 
Blaini, 

Jaunsars, 

Mandhalis, 

Simla slates, 

tlu^ro would bo no need to assume the existence of an ovcrfold. But 
the difliculty is not cleared, .siiujc on the south-west and uorth- 
ea.st sides of the Mangred Khala, the sc<iuenco3 us mapx»ed are 

Soaih-weil side. North-cast side. 

Chails 

thrust 

Jaunsars. 

Bkini eontimms outcrop Blaini 

Jaunsai's 

Simla slates eontinucnis outcrop Simla slates 

The explanation that I would offer is that the Blaini on both 
sides of the Mangred Khala is really Mandhali, and that the Jaunsars 
that are mapped l)etween it and the Simla slates on the north-east 
side of the river, are a local conglomeratic facies of the 'Mandhali, 
such as is often found in the Kalsi area, and by milo 33 on the 
Ghakrata-Mussoorie mule-track. 

The relationship between Simla slates and Jaunsars along the 
Giri river from below Shaluman to Badahu is little imderstood 
Between Mareog and Barog (not the Baiog of the KaUca-Simla 
Bailway), typical Ghhaosa slates are developed. To the south* 


f 
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t^ast, the Oihaosa dates are uo longer leoogitisable. Instead, 
there is seen a s^es of thin-bedded, toug^, dark slates, often well 
cleaved, and sometimes ramified by veins, lenses and sills of quartz. 
One mile soutibi-east of Narail, ^ey have a typical Jaunsar as- 
].ei;t, with purple and white, lujissive, ripple-marked quartzites, 
(Plate 21, fig. 2). By Siyun, the same slates are barren of quartz- 
ites, but contain sheared dolerites. In the Palor ka Khala, 
these Siyun slates pass upwards to undoubted Jaunsais, with 
conglomerates and purple phyUites. The slates at Siyun were 
mapped by Pilgrim and West as Simla slates, but they accord better 
with a Jaunsar designation. 

No boundary between the Jaunsar and Simla series was dis- 
cerniblo, though it must occur near the boulder bods and limestones 
which come down to the Giri river from Badgala. ‘The slates have 
been mapped in sheets 53 F/S and 6 as Jaunsars, and in 53 F/i 
as Simla slates. The boundary drawn at the jimction of sheets 
53 F/1 and 6 is purely arbitrary. 

East of Dadahu the Jaunsars assume a great thickness and 
appear to consist of three stages, described on pages 308 to 37-1. Of 
these stages, that of Nagthat is most typical of the Jaunsars of the 
Simla area, butv there is a horizon of conglomerates and grits in the 
Mandhalis that also resembles the Simla Jaunsais. The rocks 
at Chakrata are Simla slattis, and are separated from the Jaunsars 
by the Tons thrust. The apparent sequence in the Chakrata 
area is 


Nagthat stage ..... 
Ciiandpur stage . .... 

Mtviidhali stage ..... 

ISinila slates with occasiuual Nummuliiicu. 


^Jaunsars. 
Torts thrust. 


Blaini on Jaunsars and Simla Slates. 

The nature of the relation of the Blaini to the rocks which underlie 
it is complex. The following is a list of the main types of occurrence 
of Blaini which occur in normal succession bdow lifra-Krol and 

(1) Blaini on stales smiior to Irfra-Kroi slates: 

(a) IMjddle reaches of the Blaini river. 

\b) north-east and south-east of hill 4,960 feet. 



Part 4.] 


Audbn : Cfeciogy of the Kfol Bdl. 


399 


(c) Kawal Khal, below hei{^t 3,241 feet. 

(d) Spurs betweeu Jamtbali aud the Giri river. 

These slates should projierly be mapped os Blaiui but it 
would be impossible to separate them Irom the luira- 
Krol in places where the Blaini boulder bods orlimestoues 
are missing. 

(2) Blaini on Simla slates 

(а) One mile east o£ Solon. 

(б) Ju the Kawal Kahl ut Miisria and Maroog. 

(3) Blaini on Jaunsars : 

(n) Along the lower r<!aches of the Blaini river. 

(6) Jkitwoeu Kcirli aud Shivv'a Kalan, a distance of 22 miles. 

By regard'iig the slates of Infra-Krol type, which arc associated 
with the Blaini, as l)clonging to the Blaini, xio pi’oblem is involved 
as to their relation with the boulder beds and limestones. They 
may bo oimsideied simply as local intercalations of varved sedi- 
ments below and between tillites. 

Tlie problem btujomes one of understanding the nature of the 
occurreucc of Blaiui both on Simla slates and on Jaunsars. 

B(;dding discordance has nowhere been seen between the Blaini 
and the underlying rocks. The unconformity that exists, even 
though regionally considerable, is not of otogenic violence. 

The Blaiui boulder beds are made up almost entirely of slates 
and quartzites derived from the Simla slates aud Jaunsars, aud 
clearly inilicato extensive erosion of these formations. 

Proof of unconformity has come to lig^t as a result of mapping 
the great syncline of Tals, Krol limestones, Infra-Krols and Blaini 
which runs from Giltu Im Tibba (hill 7,006 feet), 

Uiiconfomiity. ^ Handera Tibba (hill 6,468 feet). The Blaini 

on the northern limb of this syuoline lies on a ggreat thickness of 
Jaunsars, of the order of 10,000 feet. The Blaini oil' the southern 
limb of the syncline rests on at most 2,000 feet (in both coses neglect- 
ing the Mandhalis). Some of this discrepant thickness is due to 
thrusts, since, in the eastern part of the southern limb of iJie s}rncline, 
Tals rest direct on Jaunsars, wilJi Kiols, Infra-Kiols and Blaini 
all cut out. In the west, however, the whole Tal-Blaini succession 
is present, only slightly complicated by minor thnuts, and the 
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Blaini stall rests oa a dimimshed thiokness of tlie Jauosors. It is 
the Chandpur stage that is almost completely eliminated. 

Since the region from which the Chandpur stage was eroded 

appears to coincide with the southern limb of the present Tal- 

Blaini syncline, it follows that the original axis of uplift responsible 
for the erosion, must have been or less parallel to this limb. This 
implies that the axis had a Himalayan trend, in contrast to an 
Aravalli trend.^ Had there been an AravaUi N. E.-S. W. axis, 
it would have been impossible for the Jaunsars to be both attenuated 
by erosion, and fully preserved from erosion, along this single align- 
ment. 

In places where the Blaini rests directly on Simla slates, it may 
be assumed that the Jaunsars had been completely eroded away 
previous to the deposition of the Blaini. Such erosion must have 

been local, because, whUe Blaini rests on Simla slates along parts 

of the Kawal Khal, and near Solon, it is found on Jarmsars again 
farther to the north-west, along the lower reaches of the Blaini 
valley. Further, across the Ashmi-Giri rivers to the north-east 
of Solon and the Elawal Ehal, Jaunsars are found in a continuous 
and wide outcrop which runs without a break from the Gambhar 
river to south of Badgala. 

Accepting that the Mandhalis occur normally between the Jaun- 
sars and the Simla slates, it follows that an unconformity which 
brings Blaini, Infra-Erols and Krol limestones across the Jaunsars 
on to the Simla slates, must bring Blaiui locally in contact with the 
Mandhalis. Such contact of Blaini with Mandhalis would lead 
to great difficulty of mapping, owing to the similarity between the 
two divisions. It is believed that this a priori case may be illustrated 
by outcrops between longitudes 77° 40' and 77° 49', along latitude 
30° 33'. 

The position may be summarised as follows, accepting hero 
the viewpoint taken up later in the discussion on the Mandhalis. 

(1) There is at least a possibility that there are two distinct eories of boulder 
beds and limestones, called Mandhalis and Blatni, in the follouring 
sequence : — 

Infira-Krols, 

Blaini, 

JaunsazB, 

Mandhalis, 

Simla slates, 
page 4401 
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(2) The true Blaini, with overlying Infra-Krol slates and Krol limeatoncSi 
rests with unconformity upon both the Jaunsai's and the Simla slates. 
This unconformity is great, but in no section has bedding discoidance 
beon seen. The folds that led to erosion of tiie Jaunsars must have 
been gentle. It is probable that these folds had a Himalayan trend. 


Biatni aiid Infra-Krol. 

As proviously stated, slates of lufra-Kiol typo are often intimate- 
ly associated with the Blaini limestones and boulder beds. 

In the simplest case, Blaini limestone appears to pass up gradual- 
ly, by increase of shale matter, into pink, greenish, and finally 
black (di^les of the Infra-Krols. 

The abundant bands of brown-woathcring, calcareous, gritty clay- 
slate which occiur in the Infra-Krol may be considered to bo small- 
scale repetitions of the Blaini limestone throughout the lower part 
of the In£ra-Erol succession. 


Infra-Kroi, Krol Sandstone and Krol Limestones. 

The typical relations of the Infra-Krol to the succeeding stages 
are seen round Solon. Here the dark or black shales of the Infra- 
Krols pass up through a transition zone of 100 feet or so to Krol 
sandstone, and this in turn to more dark shales, before the green 
calcareous shales and thin-bedded limestones of the Krol A stage 
set in. Viewed from a distance, as towards the north-west ridges 
of Bajgarh Hill from Khanog Hill, the change from the black Infra- 
Krol shales to pale Krol samlstone appears abrupt. When examined 
at close quarters, the change is found to be gradual. 

The Krol sandstone has not been seen east of the western slopes 
of hill 3,619 feet, nor along the greater part of the north-east flank of 
the Krol Belt between the Kawal Khal -and the Jagar ka Khala. 
It is only two feet thick in the Giri river half a mile north of 
Dadahu. 

When the sandstone is absent, passage from Infra-Krols to Krol 
A limestones is shown by a gradual increase in the number of ahaly 
limestone bands. Plate 21, fig. 1, shows the base of the Krol A 
limestones, where black shales alternate with shaly limestones 
and oaloareous shales. 
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On acoount of the varied thicknese of the Erol sandstone, 
Oldham^ and Pilgrim and West® believed that the Krol limestones 
wore unconformable to the Krol sandstone. 

This view in my opinion has little justificatioii. Part of Old- 
ham’s argument in any case fails, because his objection that the 
adjaccnt quartzites in his Carbonaceous series are of far greater 
thickness than the Krol sandstone with which they wore corrolate<l, 
therefore indicatii^ that considerable erosion of the Krol sandstone 
had taken place, no longer stands now that those quartzites hav<^ 
been foimd to belong to a much older Jutogh series. 

The intimate interbanding of diale and sandstone and the 
gradation from Infra-Krol, through Krol sandstone, to Krol A, 
do not warrant the belief that any break of sedimentary comlitions 
oocurretl. A truer picture is obtaiued by regarding the Krol 
sandstone as a local sandy intercalation amongst the shales and 
shaly limestones. 

If there be unconformity at all, it should be between the Krol 
sandstone and the Infra-Krols, since discs of Infra-Krol shale are 
often formd in the sandstone, and in one case a wash-out was observed 
at the top of the Infra-Krols. These phenomena in my opinion 
prove little except that currents chume<l up some of the recently 
deposited black muds. 

Medlicott saw no reason for supposing the existence of an uncon- 
formity. With that view I am in agreement. 

Krol D. 

The existence in the Krol D stage of conglomerates and pebbly 
sandstones, together Avith limestone breccias, suggests a slight break 
in conditions of sedimentation. The break cannot have been 
important, because nowhere is there any evidence of erosion of 
underlying stages of the Krols. The exact relations of these 
conglomerates to their contemporaneously deposited limestones is 
obscure. Folding near Mangarh lias obliterated all the original 
sedimentary relationships. 

Krol Llmestoiies and Tals. 

Over the greater part of the synclinal basins in which the Tals 
occur, Lower Tals rest on Upper Krol limestones. 

1 Bee. Gwl. Snrv. Ini., XXI, p. 138, (1888). 

* Piigrim and West, op. eit., lu 134. 
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South of Guma peak, Upper Krol limestones have been thrust 
directly on to Upper Tals. This is a tectonic relation. 

Prom south of Khur to CSiiyanra, the lower Tals rest on Infxa- 
Krols. This is due probably to a combination of original uncon* 
formable overlap of Tals across the stages of the Erol limestones, 
and of later tectonic elimination. MiddlemJss has shown Giat a 
slight unconformity exists between the Tal beds and the under- 
lying Massive (Erol) Limestone of Garhwal. 

No Tals have been seen on the Erol E limestones south-east 
of the Giri river, though Subathus occur there. Tals were probably 
never deposited south-west of the Giri river, since, in those places 
where they are now found on Erols, they appear to have exerbwl a 
protective influence on the underlying limestones and shah's, pre- 
venting thein from folding intricately amongst themselves. It 
is probable that the strongly fohie*! Erol limestones south-east of the 
Giri formed more elevated land during the period of Tal deposition, 
but were submerged below the sea at the end of the Mesozoic. 

Tals and Subathus. 

No ease has been seen of Subathus resting on Tal bods. This 
is in contrast to the Garhwal area, where Middlemiss found the two 
series to be commonly associated. 

Krol Limestones and Subathus. 

Between Janot and Sainbar Hill, there is found a collection of 
black, brown, olive-green and purple, splintery shales, dirty pebbly 
quartzites and sandstones, and lenticular, blue, shelly limestones which 
are wedged in the Erol D and E limestones. 

At the hill one mile west and south-west of Bongli (hill 6,048 feet 
on the twu-indi maxi-shect 313 N. E.), the iiiterbedding of lenticular 
shelly limestones and brown and green shales with the Erol E rocks 
is HO parallel that the rooks were taken to be authentic foss- 
iliferous Krols. The occurrence of oharaoteristic purple and olive- 
green ouboidal shales with similar limestones and brown shales at 
Bagar is strong indioation, however, that the whole lot were 
Subathu. 

The fossils are rare and very badly preserved. They are all 
broken, and, like those in the Subathus, they give the impression of 
having been mostly oysters that had been current* or wave-tossed 
on shelly marine banju. 
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Mr. Wadia has kindly made an examination of these fossilifeiona 
limestones. He writes; — 

* Foraminifera are absent, except in one doubtful specimen. Besides many 
broken bivalve shells (probably Ostrea), there is found a turritcilid gastoropod, 
tmd some black enamelled scales like placoid fish scales. There also occur 
numerous fish bones, spines and dental plates in a highly fiegmcntary state in 
the limestone. 

From their general lithological aspect, these limestones may bo thought to 
belong, with equal possilnlity, to the Triassio or to the grey-black, partly bitum- 
inous, shelly, Subathn limestone. On the whole I think the latter supposition 
is the more probable.’ 

The decision must rest upon the extremely Subathu-like aspect 
of the olive-greeu and purple cuboidal shales, and accordingly 
these rocks have been mapped as Subathu. 

It should bo pointed out that the limestones just doscribod, 
which are regarded as Subathu, as wcU as true Subathu limestouus 
and the Tal limestones of Garhwal, all contain broken fossils, 
most of which appear to bo oysters. It is most unlikely, however, 
that the limestones found between Janot and Sainbar Hill are 
Tal. The Tal limestones are almost invariably sandy, and occur 
associated with sandstones or quartzites rather than with shales. 
The Subathu limestones ore seldom sandy (though under the micro- 
scope, they may be seen to contain a few grains of quartz), and they 
are always associated with shales. 

The Floor to the Nummulitic Sea. 

In Qsrhwal, Nummulitics rest on Mesozoic Tal beds. In Sirmur 
State, they are seen on £[rol limestones. At Subathu and at Dabra, 
they occur on Simla slates. 

It is clear that a considerable part of the Himalayan area must 
have been beneath the sea during the early Tertiary, and that there 
must have been extenmve previous erosion to allow for the occurr- 
ence of Nummulitics on rook series of such different ages. 

The unconformity of Tals on Erols, and the probable formation 
of the Tals from denudation of closely adjacent montane areas, 
an gg ftsta that erosion in this area did not take place at a single time, 
immediately preceding the Tertiary period, but was persistent 
tiuoni^out the Mesozoio. 

MedUeott’s views are expressed on pages 86 and 87 of his memoir. 
At the time of his survey, Nummulitio rooks had not been found 
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on Krols, or amongst his crystaUine and sub-crystalUno rocks to 
the north-east. Accordingly ho was led to believe that 

‘ the pre-nuininulitic elevation was effected on the same lines, so to speak, as 
those which now mark the Himalayan mountain system’, 

thereby forming a land barrier to the north-east which prevented 
deposition of the Nummnlitics in that direction. As a consequence 
of the bedding conformity seen between the Subathns and the under- 
lying Simla slates at Subathu, Medlicott claimed that 

* The fact of such extensive denudation having affected the older rocks prior 
to the nummulitic period, implies that these rocks had also undergone disturbance, 
and it is of importance to he able to indicate the nature ol that disturbance ; it 
was iv VO sevsible degree the diet whavee which prod uceit c-ovtortiov orfexv^re of slralo,' 

Support^for this contention was thought to exist in the fact that the 
Niunmulitics show as much dislnTbance as do the older locks upon 
which they rest, from which it was concluded that the older rocks 
were more or less undisturbed at the time of the deposition of the 
Nummulitics. 

Since the publication of Mcdlicott’s memoir, Nummulitics have 
been fotmd ‘ inland ’ of the main belt of Tertiary rocks. In the 
Simla area, they have been mapped as far north as Shall peak. 
They have also been fmmd on the Krol and Tal rocks of the present 
Krol Belt between Solon and Naini Tal, and occur at Dubra, north 
of the Tons thrust. The postulated pre-Nummulitic elevation was, 
therefore, less well-defined as a barrier than Medlicott supposed. 

Medlicott ’s argument concerning the parallelism ol dip between 
the Subathus and the Simla slates clearly does not express the 
full facts of the case. On page 83, he admits that the entire 
evidence relating to the geological historj'^ of the [Nummulitic rocks 
depends on the section at Subathu. This section cannot be said to 
be striking, even allowing for the fact that 80 years ago it may 
have been less obscured by basar filth, and it is probably a pure 
accident that just there the Subathus and Simla slates show bedding 
conformity. 

Evidence has been given elsewhere ^ for supposing that in 
Falteozoic times, the pre-Triassic rocks of the present Himalaya, 
in the Simla-Chakrata-Naini Tal area, w'ere subject to orogenic 
activity along north-east to south-west, or Aravalli directions. 
Middlemiss also noticed that in the Eumaon Himalaya, there was 

» Auden, Ree. Ged. Svrv. hid,, f^Vl, p. 461, (1932). 

8 
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to be found diaturbanoe along nortb-south lines oblique to the 
strike usually found in the Tertiary and some of the pie-Tertiaiy 
rooks.' 

The greater general degree of metamorphism, eleavage and 
crushing shown by the Palaeozoic aud Mesozoic rocks in the Hima- 
laya cannot be attributed to the mere factor of time, since time 
alone will leave Algonkiau sediments as unaltered as recent ones. 
Stress must have played a part, and one that is hardly consistent 
with the total absence of fol^ng or flexure which Medlioott supposed. 
It is further probable that the Hazara, Chor, Lansdowne and 
Dudatoli granites may have been intruded towards the end of the 
PalsBozoie. 

Medlicott*s other point, that the pre-Tertiary and the Tertiary 
rooks show the same degree of folding, is an indication, not that the 
earlier rooks had not been previously folded, but that the later 
Himalayan movements were as intense as any that had preceded, 
and bad caused structures of equal complexity. 

It is clear, therefore, that the pre-Tertiary rooks had undergone 
a more varied history than the simple erosion from approximate 
horizontality into plateaux and valleys, which had been postulated 
by Medlicott. Had he omitted the word flexure, his position would, 
have been sounder, at any rate for the times occupied by deposition 
of the Infra Krol, Krol limestones and Tals. 

VIII. METAMORPHISM. 

General. 

From the foregoing lithological descriptions, it is seen that the 
rooks of the Krol Belt show the following grades of alteration 

Shales, slates, clay-slates, phyllites, schistose phyllites ; sand- 
stones, quartzites, quartz-schists ; limestones, reorystallised 
limestones ; dolorites, greenstones. 

The whole series is typically one formed under ep^conditions. Mica- 
schists, vdth index minerals of higher grade, quartzites that have been 
reorystallised to a new mosaic with complete loss of clastic structures, 
limestones wifh calc-silicate minerals, and hornblende-schists, have 
nowhere been found. 

1 Hnu. Ota. awrv. Ind., XXIV. pp. 125429, (1890), 
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The argUlaceons rocks have not heen metamorphosed snfficiontly 
for the microscope to be of much value in detenmnation. Most 
of the slates and phyllites, whi<!h in hand-specimen are charactenstic, 
are not particularly distinctive in thin sections. The differences 
amongst these argillaceous rocks are on iJic whole megascopic, rather 
than microscopic. 

Amongst the argillaceous rocks, newly-formed quartz, seribite 
and chlorite are fairly universal, Blasto-biotite has not been 
seen. 

Some of the quartz-schists of the Jaunsars are sufficiently meta- 
morphosed for the clastic structure to be almost oblibu'ated. Mo- 
saics of reciystailised quartz are frequently found, but never com- 
pletely throughout the body of ilie rock. 

In the limestones may be seen idioblasts of calcite. Many of 
the Upper Krol limestones have been completely roiirystallised, 
and infested with sigmoid veins of calcite (43-758), but, oven when 
siliceotis impurities are present, there has been no sign of the form- 
ation of calc-silicate minerals. A striking feature of most of the 
limestones is the recrystallisation side by side of quartz and carb- 
oiuite, and the frttquent replacement of quartz by carbonate. It 
is clear that stress has acted on these rocks without tlie influence 
of any considerable temperature, since wollastonitc is not formed. 

The dolerites are readily susceptible to change, but, in spite of 
uralitisatiou and saussuritisation, they can always bn recognised 
as basic h3rpabyssal intrusives. 


Distribution of Metamorphic Effects throughout Succession. 

Tabular slatemeni of Melanw.phic Effect^, 
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Toindar atcOment of Metamorphio Effects — contd. 
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The above table shows that it is impossible to diilereatiato the 
rocks of the Kxol Belt by their metamorphio condition. 

No rigid list of characters can be assigned to any particniar 
series of rocks present in the Krol Belt. There is no regular decrease 
in metamorphism, varying directly and discontinuously, with the 
division of the rocks into discontinuous scries. 

What is not seen in the table is the fact that most of the scries 
show rocks of varied degrees of metamorphism. 

In the Simla slates and Kasaulis, soft green needle-shales occur 
interbedded with clay-date. 

In the Jaunsars occur sandstones, quartzites and quartz-schists 
in close association. Single beds of quartzite may be marked out 
by extreme permeation with vein-quartz, due to crushing, while 
adjacent beds are free from veining. Clay-slates, slates, phyllites 
and chlorite-schists all occur close together, the green beds being 
particularly susceptible to alteration. 

In the Blaini, red shales occur with banded slates. In the Krol, 
marmorised Krol C limestone may be seen to lie on unaltered red 
shales which have been penetrated by sheared greenstones 
(dolerites). 
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In tho Subathus may be found gradation from soft purple and 
green shales to hard, tough, phyllitio clay-slates, penetrated with 
veins of quarts. Middlemiss noticed the same feature in tho case 
of the Subathus in British Garhwal.^ Purple slates that he had 
previously mapped as belonging to his ‘ Purple Slate ’ series®, he 
later found were metamorphosed nummulitics. Griesbach ® work- 
ing in tho Himdes wrote as follows: — 

‘ tho nnmmnlitio rooks of Hundes (north of Niti) bave in large measure been con- 
certed into a semi-crystalline formation, which one wonld naturally identify with 
some of the lower palseozoics (haimantas) which they resemble, were it not that 
on the one hand their position between the cretaceous and the younger middle 
tertiariea and on the other, indistinct traces of nummulitet, determined their geol- 
ogical ago accurately 

Griesbach assigns this particular metamorphism to tho abundant 
basic eruptive rocks found in the Hundes. The parallelism with 
tho phyllitised Subathu rocks of Dadahu and in British Garhwal 
is perhaps remote, although east of Dadahu there have been found 
a large number of sheared basic leuoophyres. Since, in general, 
basic rocks do not effect much change on the adjacent sedimentaries, 
it is possible that the metamorphism of the Nummulitics at Hundes, 
as well as along the Himalayan foothills, may be only indirectly 
connected with the associated igneous rooks. Both metamor- 
phism and intrusion may have originated from the same causal 
stresses. 


Distribution in Space. 

Begarding the rocks of the Erol Belt in relation to neighbouring 
zones, the following divisions may be made out: — 

(1) S(Mst zone: to the north-east; showing phyllites, schists 
. often with index minerals ; recrystallised quartzites ; 

epi- and meso-conditions. 

(2) Krd Bdt: great variation in character of metamorphism; 

typically of ept-type. 

(3) Zone of Tertiary rocks: to the south-west; generally non- 

metamorphoaed, but locally indistinguishable from 
e^*-type rooks of the Erol Belt. 

1 Mem. Oed. Surv. Ind., XXIV, p. 72, (1890). 

* Ree. Qeok Surv. lud., XX, p. 33, (1887). 

* Mem. Qvd. Swrv. InA.^ X2UL11, p* 46, (ISOi). 
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This division into three zones is tiot absolute. Bocks of opt- 
type occur in all three zones. Further, along the Krol Belt, there 
is longitudinal, or strike, variation in intensity of metamorpMsm. 
The lnfra<Krol and Krol A stages become more altered towards the 
south-east. 

Discusnon. 

The motainorphic condition of these rocks is of interest in two 
connections, firstly, the bearing it has on correlations, secondly, 
the question of its cause. 

One of the arguments used by Pilgrim and West in connection 
with abolisliing the original correlatiou naade by Mcdlicott of the 
rocks at Simla with those at Solon was based on th(5 different meta- 
morphic condition ot the rocks of the two areas. 

Beferring to the Simla slates, Blaini, Infra-Krols and Krol 
limestones, they state on page 6 : — 

* It iH a noteworthy fact that none of the rocks so far mentioned Is truly meta- 
niurphic. Not tmly arc there no secondary minerals ilevelopcd, but further, the 
Simla, Blaini and Infra-Krol series, though containing rocks often it»eiDbling slates, 
have no slaty cleavage and we have found no evidence of any planes of crushing 
which do not coincide with the planes of bedding ; neither is there any crystalline 
structure or evidence o^. flow in the limestones ; while the Krol sandstone is obviously 
not a mctamorphic quartzite.’ 

They intended to emphasise the different grades ot metamorphiam 
between the Simla and Solon rocks, concluding (1) that the more 
metamorphosed rocks were the older ; (2) that juxtaposition of rocks 
of different degrees of metamorphism must bo accounted for by 
thrusts, that had brought rocks of different ages into abnormal 
association. 

Had one’s attention been confined to the generally unaltered 
rocks of the Tertiary zone, or, as was that of Pilgrim and West, 
to the schist zone, the occasional presence of more or of less altered 
rocks would not have upset the broad impression of constancy in 
character gained from these areas as a whole. Occasional traverses 
from either of these areas across adjacent zones would doubtless 
suggest a contrast sufficient to permit the belief in differences in 
kind between them. Work along the Krol Belt has diown, however, 
its transitional character to the zones that border it, and there has 
proved .to be far less conviction as to the rigidity of distinction, both 
correlative and metamorphic, of the rocks of the three zones. 

As seen from the general statement made above, the criteria 
assumed in the quotation just given are not valid. Viewing the 
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rocks of the Krol Belt as a whole, there is iu many places an approii* 
imation to the metamorphic grade of a considerable quantity of the 
rocks found in the area described by Pilgrim and West.*- 

The contrast between the garnet- and staurolite-schists of the 
Jutoghs with the shales of the Infra-Krols near Solon is undeniably 
great, but it must bo recognised tliat this is the extreme contrast. 
Elsewhere the rocks of the Krol Belt become more metamorphosed, 
while the Jutoghs, away from the influence of the Chor granite, 
tend tu lose their index minerals. The Jaunsars of the Krol Belt and 
the Chails of the area mapped by Pilgrim and West are in some places 
practically indistinguishable, as on liigana Dhar and at Tikar. 

It is not intended to imply that a correlation between the rocks 
at Simla and Solon should be reverted to, or that thrust-planes 
are not present. Pilgrim and West found definite structural 
features'; indicative of the existence of thrust-planes, particularly 
at the base of the Chails. In the Deobau area, Mr. West has re- 
cently found mylonites below the Ohail thrust.® Moreover, these 
authors obtained evidence of elimination of beds by overlap, which 
(ioincided with these structural features. 

If. is, hoped however, to uidie-ate that the differences betwcea 
the rocks of the Krol Belt and of the adjacent north-eastern area 
are not absolute, and that the question of age i;aunot satisfactorily 
be told by considering solely their metamorphic aspect. 

Gradation. 

There is a large bod}- of opinion amongst geologists, championed by 
Gregory® and Koher®, that all extensive areas occupied by crystall- 

> Jt Hhould be expceasly poinieil out Hint the criteria they assumed -were valid for the 
few sections in the Krol Bolt that they visited. That it has been found that these criteria 
do not hold, is solely the result of working in detail over a larger area than they were 
able to visit. 

*ifee. {trot. Hvrv. l«d., LXV, p. 130, (1031). 

* ‘ Simoture of Asia p. 7, (1929). ‘ General Stratigraphy p. 7, (1931). 

* Kober may bo quoted. His claim is that f-nto-roeks (Aypo-rookn of Fermor) of 
i-egional extent, have only been found for certain in the pro-Cambrian. He accepts 
that meso- and ejri-rooks have been formed as a result of the Mesozoic and Tertiary 
alpine teetonies. In * Das alpine Europe ’ (Berlin, 1931), p. IS, he states 

* Bine einheitliebe jnnge alpine Metamorphose geht liber die Metamorpliiden des 

al^nen Orogens hinweg. Kristalline Sehiefer der milHercn Tlefenstufe ent- 
st&en in legionaler Metamorphose. Diese ist Bewtgnngsmetamorphose (Dy- 
namometamorphoso), anob Belastungsmetamorphoee. Wahrsoheinhoh warden 
diese Zonen sohon vor der Oherkreide von den groason Sohnbmaasen der Zen- 
tkberschoben, gelangen so in die Tiefe dee alpinen Tropes.* 

On pp. 268, 274, be suggests that tho alpme meso-metamorphum may pass to 
Jtato-tTpe in depth. 

Seealso Kober, * Der Ban der Krde ’, 2 Aufl., p. 79, (1028). 
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ine schists must be pie-Cambrian. This is in contrast to the 
views of many Alpine geologists, including F. E. Suess, Aigand and 
Staub. Analogies of. the Himalaya with the Alps may perhaps 
be considered too remote, but wo may take examples from the 
Himalaya themselves, to show that the relation between areas of 
schists and of less altered slates and phy Hites, for which there is no 
reason to suppose a pre-Cambrian age, is often intimate. 

Dr. A. M, Heron ^ has described the relation of Triassic and 
Jurassic rocks north of Mount Everest to their metamorphosed 
equivalents actually on the mountain-side. A series of shales and 
limestones, Triassic and Jurassic in age, has been permeated with 
tourmaline-granite which has metamorphosed them to mica-schists 
and banded calc-silicate rocks. He writes : — 

* In the above-described sections the change from sedimentary to meta- 
morphic rock is very clearly seen, taking place gradually in magnificent clifi faces 
with DO break nor discordance in the stratification ; from a short distance away it 
is indeed often impossible to say whether one is looking at limestone or calc-schist.* 

Hayden' criticises Griesbaoh’s assignation of the latter’s VaikrUa 
system to the pre-Cambrian on the grounds that similar rocks are 
found in the Sutlej valley and the Spiti river which should bo re- 
garded as Haimantas. He states in regard to those localities : — 

‘ the kyanite-schists and gametiferous mica-schists are found to pass horizontally 
into less altered phyllitcs and clay-slatos belonging to the Cambrian system and 
corresponding to Mr. Griesbach’s middle haimantas. Similarly, highly altered 
staurolitc and kyanitc schists are found between Asrang and Pangi, where the intru- 
sive biotite granite is found in contact with the Cambrian slates.* 

Coming closer to the area with which we are directly concerned, 
to the schists associated with the DudatoU granite, Middlemiss 
states* • 

* 1 may here emphasise two points — first, the schist found near the gneissose 
gramte is entirely a thorough crystalline schist, a fact needing no microscope to 
demonstrate ; and secondly, along a line of country, where rock is exposed at every 
'step, i ( is seen that this culminating intense form graduates into a wide-spread 
less intense form, and that in turn graduates into ordinary slates and quartzites.* 

Finally may be quoted Mr. D. N, Wadia’s description of the 
rocks in the Hazara * area, of late pre-Cambrian and of Cambrian age, 

* There is not much doubt that by for the largest part of the schist zone of 
ilazara and Kamah represents regionally as well as thermally altered Dogra (Hazara) 

* Bee, dect. Sure. lud., LIV, p. 223, (1922). 

* JfeiM. OecL 8urv. Ind,, XXxVl, p. 9, (19M). 

* Rso. Qeot. Swrv, Ind., XX, p. 13V, (1887). 

« Op. LXV. p. 200, (1931). 
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slates. Middlemiss .... entertained no serious doubt as to their identity. The 
perfectly uniform and unvarying argillaceous composition of Pogra slate from 
place to place, save for the ubiquitous dolerito dykes and rare thin limestone layers, 
is one unfailing criterion. In the present area, it is permeated with granitoid 
gneiss intrusions (Central Himalayan gneiss), and the contact effects on the slates, 
converting them into phyllites, homfels, and thinly foliated gametifcrous l>iotit«>> 
schists, with occasional staurolite, round the larger intrusions, arc well seen.’ 

Three facts are evident from these accounts. Firstly, schists 
over extensive areas may be of Falssozoic, or even later age, an 
opinion that is held by most alpine geologists. Secondly, these 
schists grade into slates, phyllites and limestones, of types prevalent 
throughout the geological succession in the Himalaya. Thirdly, 
the intense, schist form of alteration is related in all case.s to the 
intrusion of granite ; while the less intense, phyllite and slate, forms 
of alteration are connected with the general regional stresses operative 
at tlie time.^ 

Besides the lateral variation in motamorphic intensity described 
in the quotations given above, there is also variation in dip section, 
liocks of markedly difEcrent raetamorphic aspect may be seen to be 
interbedded, and in such a close manner that their juxtaposition 
cannot be explained by thrusting or by isoclinal folding of distinct 
rock series. 

Metamorphism of low-grade, epi-type, and approaching meso- 
type, appears to be selective, being greatest, in the same locality, 
in those rocks tlmt were presumably richer in unstable minerals, or 
had a higher water content. It is only in the highest grades that 
external influences are intense enough to overcome small differences 
between beds of approximately the same facies, and bring all the 
rocks to a common level of reconstruction. 

Position and age of granites. 

It is a singular feature that the Dudatoli and Lansdowne granites 
occur synclinally at the top of a synclinal succession of slates and 
schists. The same relationship iflay obtain 
*** ***** ** ^anite. It is not at all im- 

probable that, since the great series of Jutogh 

^ Those aoaounts would appear to militate against any suggestion that thmsts sep- 
arating rooks of dissimilar metamorphio grade had been miss^ by the observers. The 
stress mid upea oontumity of exposures shows that the observations were critical, and 
the whole tread of these author^s accounts disposes of the possibility that the wish was 
father to the thought, in dtosoribing this gradatione 



414 


Seeordt of ^ Ckohgiedl Swrvey of India. [Vol. LXVII. 


rocks at Simla occurs in syndioal form, they may have originally 
been capped by a continuation of the Char granite, and may have 
owed much of their metamorphism to a granite which has now been 
removed. Oldham^ postulated this, but the view has since been 
discarded^ on the grounds that an intrusive mass is not capable 
of producing wide-spread metamorphic effects, such as are found 
in the Jutoghs. The occurrence of these gneissose granites in the 
cores of s3mclines certainly demands some connection of the granite 
with the general processes of r^ional metamorphism. It is pro- 
bably nearer the truth to picture both the intrusion of the granites 
(or their self-generation, ‘ inborn so to speak, in the cores of the 
folds^) and the general regional metamorphism as part effects of 
a wider cause. 

I have given reasons elsewhere * for believing that some of the 
gneissic granites of the outer Himalaya were Carboniferous or 
slightly oldcj-, and were connected with tectonic 
Age of granites. activity along the Aravalli axis. Further, since 

tbe Hasara granite intrudes the Dogra slates, which are pre-Cambriau 
and Cambrian in age, it is permissible to regard this granite as post- 
Cambrian. The general similarity in character and maimer of occurr- 
(>ucc i>f the Ua;^ra, Chor, Lansdownc and Dudatoli granites suggests 
that their correlation is permissible, and that they were mtiuded 
during the Palseozoic era. The evideiiue, which is not absulute, is 
discussed in the paper quoted. 

Difficulties arise if an attempt is made to narrow down the time 
limit still further. The Jaunsar arkoses indicate the presence of 
an earlier granite, but the Jaunsars are affected by the same Aravalli 
orientation that is seen in the Lansdownc granite. This orientation 
in the Lansdownc granite may presumably be connected with its in- 
trusion tectonics. It is tempting, therefore, to regard the intrusion 
of the granite us immediately post-Jaunsar (? post-Devonian) in age, 
since both granite and Jaunsars are affected along the same tectonic 
directions. As opposed to this reasoning, it is possible to assume 
rejuvenation of activity along the Aravalli axis, and to object tiiat 
similarity of orientation is not proof of tectonic contemporaneity. 


^ Heco Geoh Bunf. Ind*f XX» p* 148* (1887). 

^Mem. Ged. BwrVo Ind., Llll, p. 8, (1928). 

* This is not the plaoe to enter into » disousaion on the formation of granites, it 
must saffioe to say that the ajppearanoes in the field do indeed suggest that simple 
intmaion from some tota^fore^n source is not a complete explanation of some of these 
ocourrenoes of granite. Compare Uiddlemis8» Bee. Oeok BwvolndotXKp p. 14U|(i887). 

« Jtec. OecT Bvrv. Ivd., LXVl, pp. 461^71» (1938). 
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Application to Kid Belt. 

In the Uassara area, Mr. Wadia has the foilowinji; succession^ 

Oambro-Silnrian. 

Dogra slates (Cambrian and pre-Cambrian, and probably equi- 
valent to the Simla slates). 

Salkhala series (Archaean). 

Wadia and West ^ arc agreed that the .lutoghs o£ the Simla 
area are equivalent to the Salkhalas of Hazara. The Jutoghs must 
therefore be regarded as Archaean. 

Mr. West ^ has related the higher grades of metamorphism of 
the Jutogh series to the intrusion of the Chor granite. It is known 
also that the Dogra slates owe their metamorphism to the Hazara 
granite. '"It follows that, besides the Archaean formations, which 
perhaps were schistose before the iutrusiou of the gncissic granites, 
there was a later, post-Cambrian, development of schists which 
was directly connected with these intrusions. 

We have, thcroforo, to consider the regional metamorphism of 
the Dogra slates, and possibly also some of the metamorphism of 
the Jutoghs, as Palajozoio. Wo know also that the Krol, Tal 
and Tertiary rocks have been metamorphosed as a result of the 
Tertiary orogonic movements.' Four factors must therefore be 
disentangled ; — 

(1) The possible exisbmee of Archaean schists, of »wcso-tyiw. 

(2) The broad regional metamorphism of the Paheozoic sedi- 

ments, of ejw-typo. 

(J) The locally intenscr grade of this metamorphism in associa- 
tion ■with gneissie granibis, of «icw-type. 

(4) The later metamorphism resulting from the Tertiary oro- 
genic movements, of epi-type : 

(а) acting on Palaeozoic sediments already affected by the 
earlier metamorphism ; 

(б) acting on Infra-Krol, Krol, Tal (late Palseozoic and 

Mesozoic) and Tertiary sediments, which had not 
been deposited at the time of the earlier meta- 
morphism. 
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The effects of the Tertiary movemente on Infra-Krol, Eiol and 
Tal sediments has been to cause slaty cleavage, the formation of 
phyllites and locally of sub-schistose rocks. 

Nature of Terttary Limestones have flowed and reori’’stallised, 
inetamorphlsm. - . i. i ,^1 *^1 

and quartzites have been permeated with vem 

quartz. The effects have been such that slates in the Infra-Krol 

are similar to some in the Simla and Jaunsar series, and may oven 

be confused with sub-schistose rocks in the Ohails. Tals resemitk; 

Jaunsars, not only lithologically, but also in metamorphio aspect. 

Krol A slates resemble green slates in the Jaunsars. Phyllitised 

Subathu shales may be confused with rooks in the Infra-Krol and 

Jaunsar series. 

It is seen' that sediments deposited after the regional Palaeozoic 
metamorphism have to a large extent attained the same physiog- 
nomy as those that have undergone both the earlier. Palaeozoic, 
and the later, Tertiaiy, metamorphism. JSpi-conditions prevailed 
throughout. The superposition of a later epi-metamorphism on 
an earlier metamorphism of the same type has had no additive effect. 

No granites were intruded amongst the rocks of the Krol Belt. 
Granites and tncso-grade schists occur only in the zone to the north- 
east of the Krol 'Belt. 

It is of interest, therefore, to see whether the rocks of the Krol 
Bolt give any inf'^rmation as to the previous existence in this neigh- 
bouring zone of rocks of higher grade, meso- 

Evidence of pebbles in type metamorphism. Conglomerates are 
conglomerates. ,, iT - .v 1 • 1 

common throughout the geological succession 

in the Simla-Chakrata iiills. Evidence should be obtained, by 

examining the boulders and pebbles, whether any high-grade meta- 

moTphic rocks were exposed to denudation, or were formed at all, 

prior to the deposition of the rocks containing the pebbles. 

It is a striking fact that, except in one rock slice of the Blalni 
boulder bed, no single instance has been found either in the field, 
or in rook-slice, of any true schists or metamorphio rooks of meso- 
type being included in the pre-Tertiary conglomerates. Phyllites, 
black (? carbonaceous) slates, and sandstones axe found abundantly 
as fragments in the Simla slates, the Moxar-CSiakrats beds (largely 
Simla slates), and the Blaini ; but never schists, never garnets, 
and only one case of a completely xecrystallised mosaic-quartzite 
(slice 21999). The boulders in the Blaini axe almost entirely dark 
slates, sandstones and quartzites, all types which can be matdhed 
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in the Simla slates and Jannsars. The boulders in the Jaunsars 
are mostly of material derived from penecontemporaneo\is eiosiou, 
while the abundant pebbles of vein-guaitz perhaps indicate a granite- 
pegmatite source. In the Jaunsar arkoses are found plagioclasc 
felspar and tourmaline. In the Tal arkoses occur microclino and 
tourmaline. The provenance of these minerals was almost certain- 
ly granitic. 

Pebbles of gucissic granite, similar to the Hazara granite, have 
been noticed by Mr. Wadia in the Agglomeratic Slate of Kashmir, 
i.e., in rocks of Upper Carboniferous ago. A pebble of albitc- 
oligoclase-granite has been found in the ‘ volcanic breccia ’ of Garh- 
wal, which is either Carboniferous or pre-Carboniferous in age. 

Aside :l[rom those indications of the existence of granites, there is 
extremely scanty indication of any derivative environment to the 
whole sequence of rocks in the Krol Bolt other than that showing 
epi-motamorphism. Not until the Dagshais, of OHgocene or Mio- 
cene age, arc there found motamorphic rooks and minerals of meso- 
type. In the Dagshais and Kasaulis, garnet is abundant. In 
the Sutlej rocks, garnet and pebbles of recrystallised quartz-schist 
may be found. 

A similar feature has been noticed by Prof. F. E. Suess*. lie 

has been criticised, amongst others by Gregory®, for supposuig 

_ . „ - that the schists and gneisses of Moidamrbian 

Professor F. E. Sness. . •t,i* t 

typo m Bohenua are eqmvalonts of Barrandien 

Palaeozoic sediments, metamorphosed by the Hercynian revolution. 
Referring to the non-metamorphosed pre-Cambrian and early Palaeo- 
zoic equivalents of Central Bohemia, he states : — 

* Conglomerates and graywackes in which crystalline constituents are entirely 
wanting are rather rare. Bat a geologist rambling over the huge stretches of tho 
Algonhian and early Cambrian of Bohemia will be deeply impiesscd by the fact 
that the innumerable beds of conglomerate consist exclusively of pebbles of slate, 
lydite, diabase, spilite, and a few others from tho Algonkian itself in astounding 
monotony, and that crystalline constituents are entirely absent. It appears 
almost as if at that time no other kind of rocks had been in existence.’* 

*Qeol,Mog., LXIX, p.431, (1932). 

« < Dalradian Gedogy ’, p. 24, (1930). 

• I may perhaps bo excused in quoting from my own Progress Report, p. 29, for 
1931, where lees graphically and less clearly expressed, I wrote : — ‘ There is as well a 
total failure of any fragments of sohist in the boulder beds and conglomerates of the 
rooks so far seen, as if the periods of metamorphism post-dated the fOTnutions of the 
succession.’ The impressions gained in the two oases are so strikingly rimilar that they 
deserve recording, because of their independent formulation. 
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The facts as related to the Himalayan area present anomalies. 
The absence of pebbles and boulders of schist and motamorphic 
quartzites in the Bimla and Jaunsar series 
*'^*‘**‘*** anom- woiild seem to indicate eitiior that no area of 
metamorphic rooks of meso-typo was exposed 
to denudation at the time of deposition of the sediments, or that 
metamorphism of meso-typo had not then occurred. Yet there is 
evidence in the Carboniferous boulder beds that granites had intrud- 
ed previously. Moreover, the pebbles of gneissic granite in the 
Agglomeratic Slate suggest the previous intrusion of precisely those 
granites that were associated with the regional metamorphism of 
Dogra slates. If gneissic granites arc found as pebbles, it might 
be espeoted that schists would also be found. It is true, as Mr. 
Wadia has suggested to me, that schists would readily disintegrate 
during transportation, but at least index minerals, such as garnet, 
should occur in the sediments derived from the schistose areas.^ 
The existence of post-Cambrian granites to some extent explains 
the difficulty, since the formation of schists with higher gjude 
index minerals would have been entirely subsequent to the deposition 
of the Simla and probably the Jaunsar series. Even so, the boulder 
beds, such as the Agglomeratic Slate, the Blaini, and the * volcanic 
breccia * of Garhwal, should contain rocks with metamorphic aspect, 
idnee they were presumably formed after metamorphism of the 
rooks, or equivalent rocks, from which they were derived. 

It must be assumed that the . zone of granite mtrusion prior to 
the altogether later Tertiary thrusting, was far removed from the 
rocks now found in the Erol Belt. The Carboniferous boulder- 
bearing rocks must have been derived locally from rocks of low- 
grade metamorphism in Ihe Simla and Jaunsar series, with only 
occasional stray pebbles of resistant granite derived from the zone 
of granite intrusion. Even in Kashmir, where the Agglomerate 
Slate was evidently closer to the area of granitic intrusion. Middle- 
miss ‘ mentions only the following pebbles: — quartz, feldspar, slate, 


* Terra [* Geologiecbe Fotechuagen im weaUicben K*a&>tim und Karakomm Hima- 
laya * iBerlin, p. 46, (1932)] notes the fehowing ro^ to be preeent as pebblesiu tbe basal 
oongloiiUHato of tm Killan series (Old Pblwozoio) in the K’nn-lun gneiss, chlorite- 
quarte-schist, ndea-sobist, and vein-qiiarte. He remurks that the conglomerate is 
locally oolonied ted on aoconnt of the oxidation of biotite in the pebbles of mica-aohist, 
thereby emjdiasiihig the detrital occurrence of this rook type. The provenance of these 

pebUes is nom the Karakasoh series, vrfaioh is probably ^-Gambrian. 

* Ace. fifed. Starv. Ini., XH, p. 238, (1910). 
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quartz-porpliyTy, oooasioiial quartzite, pegmatite and tourmaline- 
granite, 

Aiohaeans must have formed a basement and margin to the area 
of deposition of the Simla slates, but they have left no recogmsablc 
traces of the characters they now exhibit. Possibly they occurred 
then as phyllites rather than as schists. 


rX. MANDHALIS. 

Significance of Boulder Beds. 

The Mandhali beds have offered a problem of great difficulty. 
Allusion has already been made to them on pages 36H .md 396 . The 
previous workers concerned with this group of rocks are Oldham 
(1883-1888), Pilgrim and West (1928), and West (1931). In 1888, 
Oldham summed up their characters as follows^ 

* The group..,, I h of the most protean character, consisting of quarisKileB, 
slateB, limestones, conglomerates and boulder bods in most variable proportions 
and interstratilied in the most extraordinary manner ; it being not uncommon to 
find slates or even limestone intorbedded with coarse grits or conglomerates. This 
variability appears to bo due to the fact that it has been deposited in close prox- 
imity to land, and always contains a large proportion of debris derived from the 
older rocks of the neighbourhood. Thus in Northern Jaonsar and Bawar, where it 
rests on the Deoban limestone fragments of that rock are extremely abundant in 
it and there are several beds of a conglomerate composed exclusively of rounded 
boulders of the Deoban limestone imbedded in a matrix of the same rock in a finely 
oomminuted form, while in Southern Jaonsar, where it rests on the quartzites 
of the Jaonsar series the gi'oup consists almost entirely of coarse quartzites and 
grits. 

But the great charaoteristic of the Mandhali group is the presence of boulder 
beds of the same type as that of the Blaini group. So great indeed is the similarity 
that in more than one case an exposure of this group has been described as Blaini.’ 

Oldham finally oorrelates these beds with the Blaini. 

With this ooirelation, Pilgrim and West are in agreement, al- 
though, on account of the thickness of the Mandhalis, these authors 
were inclined to regard them as equivalent to the combined Blaini 
and Infra KroL* 


1 (MU Surv. Ind., XXI, p. 136, (1888). 
a Mem* Qeol. Swrv. Ind.^ IJII, p. 43, (1928). 
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Thore ace ihioe distinct rock facies which have to be considered 
in a discussion of the Mandhalis: — 

(1) Limestones. 

(2) Pebble beds and conglomerates. 

(.3) Boulder beds. 

Most prominence has been given to the bonlder beds, the presence 
of which has led to the correlation of the Mandhalis with the Blaini. 
The associated limestones, pebble beds and conglomerates have 
been variously grouped with the Mandhalis, Jaunsars and Chails 
according to the impressions gained from single exposures, whore 
one or other or all of the above facies are prominent. 

It is true that boulder beds are striking rocks which at once 
attract the eye. Moreover, the origin of these boulder beds, whether 
glacial, volcanic or otherwise, is certainly one that implies some- 
what abnormal conditions of sedimentation. In proportion to 
this abnormality of origin, it may be thought that the causal factors 
would be rarer. Consequently, a series of boulder beds, with an 
abnormal manner of origin, might be considered to be probably 
contemporaneous 

This was the basis of the reasoning of Oldham, who wrote as 
follows’ : — 

‘ If we take the glacial origin of the two as proved, this in itself would cstah* 
lish the contemporaneity of the two groups of beds which outside evidence places 
liotweon the Dooban and the upper part of the carbonaceous system.* 

The premises do not appear to me to be sound. In New South 
Wales, Australia^, there are five glacial horizons between the Upper 
Carboniferous and the Upper Permian. During tiie Pleistocene 
glacial period of the European Alps, there were four periods of 
glaciation, separated by interglacial periods. 

Oldham himself, on pages 132 and 133 in the same paper just 
quoted, seemed satistied, in spite of a certain element of doubt, 
that two exposures of boulder-bearing rooks did properly occur low 
down in his Jaunsar succession. 

I have mentioned the occurrence of boulder beds in the Nagthat 
beds on page 373. In Oarhwal I have noticed a boulder bed in the 
middle of Middlemiss’s Purple Slate series’, which occurs above 
and is quite distinct from, the ‘ volcanic breccia *. 

* Bee. Oeol. Snrv. Ind., XXI, p. 137, (1888). 

* 'Explanatory Notes to New Geologiml Ekp of Australia’, XabloE, p. 6% (1932). 

• Bee. Ckel. Snrv. Ind., XVIU, p. 74, (1886) ; op. eiU, XZ, p. 34, (1887). 
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In the J&zara area, Ifr. Wadia has found a con^ometate, 120 
feet thick, which occurs above the Dogra slates (—Simla slates) 
and at the base of a series of phyllites and quartzites, called the 
Tanols.^ At the top of the Tanols near Talhatta, is another con- 
glomerate, possibly equivalent to the Blaini. 

The following correlation is suggested : — 


Hanira.. 

Talhatta conglomerate 
Tanols . . . . 

Conglomeratic bonlder bed . 
Dogra slates 


Simla*Obakiata hills. 

Blaini. 

Xagthat and Chandpur stoges. 
Maiulhali stago. 

Morar>Chaluata beds (Simla 
slates). 


Botilder bods may be formed under very varied conditions. 
Middlemiss assigned a volcanic origin to the breccia in Garhwal. 
This is ''exactly similar in appearance to the Blaini bonlder bed, 
which has . been regarded as glacial. Later, when working in Kash- 
mir, he was unable to decide whether the Agglomorafio .^lato was 
of glacial or of volcanic origin. Mr. Wadia has recently found 
traces of original glass in this Agglomeratic iSlato and concludes 
that it is probably volcanic.* The intimate association of gladal 
and volcanic rocks is well displayed in the Permo-Carboniferous 
succession of New South Wales. 

We should expect every gradation between true tillites, fluvio- 
glacial beds and ‘ordinary’ conglomerates. Certainly in the case 
of the Mandhali and Blaini boulder beds, conglomerates can be 
seen to grade into boulder bods. Further, the tufEs associated 
with the Chandpur beds prove definitely that volcanic activity 
occurred, and at a time, in my opinion, between the deposition of 
the Mandhalis and the Blaini. It is quite possible that agglomerates 
may have been formed earlier and later than the tufb, contem- 
poraneously with the supposed glacial tillites. 

On the groimds, therefore, both of origin and of frequency, it 
cannot be asserted positively that the boulder beds of this region 
are necessarily glacial, and necessarily of one peribd. 

I can offer no absolute proof that the view previously held, 
namdy, that the boulder beds are glacial and all Blaini, is erron- 
eous, l^ause the sections now exposed are disturbed, and by them- 
selves do not permit of certainty. But this former vmw has led 
to difficulties. 

1 Jte. Otol. 7nA, Lry, pp. 204-206, (1<»2) 

* JfMi. (hA.Swv, IfUU, 11, p. 235, (1928). 

F 
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Coasequences of Masdlifili-BIaiiii Correlation. 

If the conolatiou of the Mandhalis vdth the Blaiui ia accepted, 
two difficulties axe at once evident: — 

(1) The Mandhalis south of Chakrata appear ovorywhoie to 

dip synclinally below the Jaunsars, and are, therefore, 
on this supposition, overlain by rocks older than them- 
selves. The whole syucliue of Jaunsars, normal filaini, 
Infra-Krols, Exol limestones and Tals must lest as a 
thrust mass, or nappe, upon the Mandhalis. 

(2) There must bo two totally distinct facies of the Blaini now 

in close proximity: 

(a) the thin boulder bod and limestone, whioh runs from 

Chandpux peak to Shiwa Ealan; 

(b) the extremely complex series of beds called Mandhali. 

Reasons against Mandhali-Blaini Correlation. 

There is no >mgn of the thrust plane that would be required to 
separate the Mandhalis from the overlying Chandpur beds, if the 
Mandhalis and the Blaini are regarded, as equivalent. The quartsite 
associated with the Bansa Umestoue is, it is true, often markedly 
schistose, but not more so than many of the quartzites in the Mand- 
halis themselves and in the Nagthat stage. Thrust pianos are 
adnuttedly often very difficult to locate, since they may leave litUe 
traoo of their action in the rocks brought into abnormal juxtapos- 
ition. It seems irrational, however, to assume a thrust solely 
because of a li^logical change from a series of limestones, phylUtes, 
quartzites and bouldmr beds up to a series of banded quartzite and 
phytUtos, with tuff beds, unless the ages of these contrasted rooks 
are known. It has just been argued that boulder bods are a common 
festuze in the Ifiraalaya and that age cannot be told from their 
ooounenoe. 

The assooiati<ms the Maofdhali and Blaim rocks may be 
suttHnaxised as follows: — 

(1) Jlfam{ihi{j:---C9iar«^rwed by a comi^ex association of ^rk limestones, 
etftua sandy, iiad often marmoriscid, pbyffites, grits, boulder beds, 
Magloaina*Bf,,aalMstosa quai-triteis, apparently ooderlycng the Ghaad* 
pnr stage. Bonldw beds full of limestone fragments and limeetone of 
*» growtii. 

(HiJBfiitfltV— FiiA siBoeons Mm aitone , apt sandy, aesoriated sritb bonlder 
b^ in whioh limestone Ixagmente are vmy rue. The Bnustmie and 
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boulder bed, if both preaoat, ore alwajm togetiier. Overlies the 
Nagthat beds, which iu turn test on tiie Ghandpur stage. 

This Blaini boulder bed, with its pink siliceous limeBt<mo, is always 
overlain by Infra<Krol and Krol rooks, the three stages forming the 
only readily leoognisaMe sequence In the whole of the Krol Belt. East 
of longitude 77° SO', the Tal beds form an additional and also distinct* 
ivo series above tibe Krol limestones, the soquenee eastwards invar- 
iably being Blaini : Iufra*Krol : Krol : TaL 

Tkis Blaini : Infra-Kiol : EidI : Tal aucoegaioa is * normal ’ in 
the sense that it is almost certain that the stages in it are in their 
original order of deposition, and are unaffected by thrusts of any 
regional magnitude. It may be taken as the standard of reference 
for the Krol Belt. The relationships between the various stages 
in it are constant, and their mapping, apart from physical ezor< 
tion, is always easy. 

Contrasted with this orderly sequence, of which the Blaini is 
the invariable basal member, is the disorder that prevails amongst 
the Mandhali rocks, and the fact that the Mandhalis are overlain 
by a group of rocks totally distinct from the lnfra*Krol to Tal 
succession. 

^ce, then, we find that the Mandhalis, iu the region where 
the whole of the geological column is liost developed, occur in on 
association that is idtogether .foreign to the Blaini and overlying 
rocks, we may conclude that the Mandhali-Blaini corrolatiou is 
probably unsound. 

Apparent support for the Mandhtdi-Blaini correlation is found 
idong the tract bordering the Krol thrust. Here both the Chand* 
pur and the Nagthat stages are almost absent, and Bbuni and 
even the Krol are brou^t into contact with Mandhalis, causing 
admitted embarrassment. But the tract bordering the Krol thrust 
is so cleariy a zone in whidi thrusts are coumum and abnormal 
juxtapositions occur, that it can hardly be considered reasmiable 
to consider only the evidence of euoh a tract, when fuUer evidence 
is to be obtained faiths north. ' . 

Pieki Rdatioas to Nortb-West. 

At the time of mapping the outcrops north of the Qiri river, 
I had not seen the Mandhalis. Hie sections showed that a series 
of ihin>bedded limestones and dark slates, with some soft green 
slates, passed up to the Bansa limestone and then into Jaunsaxs 
of Nagthat type. Boulder beds irete found sporadically at the 

ir2 
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base of the successioa. The ooourrence of limestones did not 
seem anomalous, sinoe they had been seen elsewhere in the Jaunsais, 
and accordingly the whole sequence was regarded as Jaunsar. The 
boulder beds were mapped as Blaini, and wore considered to have 
been ihrust over by the Jaunsars. Later, on acquaintance with 
the Mandhalis, it was realised that the beds low down in the sections 
were probably Mandhali. To what extent tho boulder beds in 
the eastern part of sheet 63 J/10 are Mandhali, and to what extent 
Blaini, is altogether uncertain since at that time, 1 had not learnt 
to know the features which diSorontiate these boulder beds. An 
attempt has been made to mark the approximate extent of the 
Mandhalis by stippling. A definite boundary with tho Jaunsars 
cannot be drawn. 

In the neighbourhood of Dadahu, a complex association of Infra* 
Krol slates and Blaini boulder beds has been overthrust by the 
Jaunsars and Mandhalis. Bleaching slates of Infra-Krol type 
occur also in the Mandhalis, and it may be objected that, near 
Dadahu, Mandhali slates and boulder beds have been mistaken for 
Infra-Elrol and 'Blaini. The beds mapped as Infra-Erol are over- 
lain by Eiol limestones on hill 3,619 feet, and continue to the north- 
west for 40 miles along the strike, always overlain by Erol lime- 
stones, and always associated with Blaini boulder beds and lime- 
stone. It is not likely therefore that they have been incorrectly 
mapped near Dadahu. Uncertainty only exists between Dadahu 
and the Tons river, because there slates and boulder beds occur, 
without Krol limestone, that might be either ' Mandhali or Blaini 
and Infra-Krol. This, in my opinion, is no proof that the Blaini, 
Infra-Krol and Mandhali are the same. It is simply an illustrat- 
ion of the complexity that may arise when similar rock types, 
whether contemporaneous or of different ages, are brought, together 
by thrusting and unconformable overlap. 

One other e^iosuro, at the north-western end of the Krol Belt, 
may be mentioned. This is an isolated lenticular outcrop of fold- 
ed and brecoiated Umestonos, together with knotted slate, which 
ooouxs at Dhati, near Kandag^t. It was at first r^arded rather 
doubtfully as Kiol A, on account of the lenticular folded blue 
limestones. Since the rooks occur wedged in between Jaunsars 
and Simla slates, and the limestones ate more similar to tiiose of 
the Mandhalis than to the Krol A limestones, the outcrop may 
oonfidence be mapped as Mandhali. 
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The limestones at Badgsla ate of the same type, folded and 
bieociated. 


Conclusions. 


The axgoment relating to the position of the Mandhali rooks is 
based on the following points: — 

(1) In south Chakratfty a thick series of Mandhali rocks appears to pass normal- 

ly upwards into the Ghandpur stage of the Jaunsar Buries. No trace 
of a thrust plane is seen. The boundary chosen between the two stages 
is one of convenience, viz., at the top of the Sanaa limestone. 

The undoubted Blaini, on the other hand, which in this region 
consists solely of a boulder bed and an overlying pink siliceous lime- 
stone, passes up into the Infra-Krol: Krol: Tal succession, which 
is the type succession for the Krol Belt. 

(2) In the Kandaghat area, Simla slates apx)ear to grade upwards into Jaun- 

sars. Boulder beds and pink limestone sometimes intervene, which 
admittedly are identical to those in the Blaini. At Dhari, near Kanda- 
ghat, occur brecciated limestones, of Mandhali typo, between the 
Jaunsars and the Simla slates, so that the parallel with Ghakrata area 
is moderately close. 

(3) Boulder beds definitely occur in the Nagthat rocks that are quite distinct 

from the Blaini. The occurrence of other boulder beds, in the Man- 
dhalis, need not therefore occasion surprise and load to the deduction 
that they must inevitably be Blaini. This is supported by occurrences 
of boulder beds at more than one horizon both to the north-west and 
to the south-east of the Krol Belt. Boulder beds are not rare in the 
Himalaya, either in space or in time. Their manner of orgin is not 
everywhere the same. It cannot l;e argued that in the Simla area 
similarity implies contemporaneity or even identity in manner of 
origin. 

It was stated on page 397, that the Blaini between Simla and Bad* 
gala may in reality be Mandhali. The conclusions reached hero 
may somewhat simplify the struoture of the Simla-Chakrata area, since 
they would eliminate the necessity of a thrust at the base of the 
Jaunsars. 

Mr. West has found the Mandhalis of northern Ghakrata to 
grade downwards into Deoban limestone, fragments of which they 

contain.^ This same Deoban limestone rests on the Jaunsar series, 

* 

while, in the B^aii and Gutn Gads, Jaunsars axo found as well 
abore the Deoban limestone. 

The ooouizence of Deoban limestone no3nuall7 below the Mand* 
halis does not affect the argument given above, because the Mand* 
halis south of Ghakrata are probably thrust over the MoraV'Chakrata 


1 Bee. aeo{. Sorv, Ini., LXVL pp. 12S-|t29, (1932), 
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beds (Simla slates). If the interpretation i^ven in this paper be 
correct, the position of Jannsars below the Deoban limestone must 
be due to a thrust. 

X. CORRELATION WITH MUSSOORIB AND OARHWAL. 

In 1933, mapping was continued eastwards, past Mussoorie. 
In July and October, 1932, short visits were paid to Laohmanjhula 
and Lansdowne in Britidi Oarhwal. The Garhwal area was mapp* 
ed by Middlemiss in 1885-1887.^ 

Mttfsoorie (Sheet 53 3/d), 

The Blaini : Infra-Krol : Krol : Tal sequence reappears south- 
east of the Jumna river and has boon traced eastwards to longitude 
78° 15'. The series of this mquenoo occur in syncUnal form, with 
tile axis of the syncline running N. W.-S. B. just north of Landour 
caittonment. On the north side of the syncline, the Blaini rests 
<m the Nagthat stage of the Jaunsor series. The south side has 
not been examined in detail, but it evidently presents the same 
difficulties, on account of unconformable overlap and extensive 
thrusting, as have >been experienced along the Oiri river. 

The series of this sequence are typically developed and are un- 
mistakable. Upper Krol limestones make up the whole of the 
Mussoorie ridge from Banog to the Landour bazar. Krol E lime- 
stone is well seen just opposite 9tiffles’ cocktail bar. Landour can- 
tonment is built on lower and upper Tal rooks, which extend along 
the Mussoorie-Tehri mule-track os &r as mile 6. 

A distance of 18 miles still remuns in order to join up with the 
mapping of Middlemias. That the rooks of this sequence will 
continue into Qarhwal is evident from the brief traverses made at 
.Laohmanjhula and Lansdowne. 

Lachfflanjhulfi (Sheet 53 J/S. W.)* 

The axea between Lat&manjhula and Kjni is not fovourable for 
sering outcrops, owing to thick jungle. Betwe<m Laohmanjhula 
and mile 18 (on tiie Hardwar-Badiinatii pilgrim track), there are 
blai^, earbenaoeeuSf slafy shake and aihy Hmestooies, simitar to the 
cmnMned Krol A, Infra-Krol rooks east of ]>adahn. By mik 18 


* m. OtoL 8 vt 9. ltd., XX, p. 33, (1887). 
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occur banded> green, calcareous slates, very characteristic of the Krol 
A stage. Along tho pilgrim route near mile 19, and on the path 
from Lachmanjhula to Bhadsi (30** 06' : 78* 21'), between aneroid 
heights 1,900 and 2,500 feet, there are seen red shales identioal to 
tiiese in the Krol B, Bed Shale, stage. Massive, cream-white, 

* pseudoooralline’ limestones occur in the stream three-quarts 
of a mile up from Gattugad Chatti (30° 05' : 78° 23'). These are 
identioal to the Krol E limestones (specimen 43*766) found in the 
ravine onc-third of a mile E. 8. E. of hill 6,930 feet (30° 43' : 
77° 17'). 

The Massive Limestone is followed upwards near Kota (30° 
07' : 78° 26') by well-bedded white quartsites, which cross the 
Ganges, and occur as dip slopes by Atali (30° 04' : 77° 28'). They 
are exactly like the Upper Tala of Mussoorio and the area west of 
the Tpns. The equivalent of tho Lower Tals in Garhwal appears 
to bo in the carbonaceous shales and sandstones seen at tho oon- 
fluence of tho Huinl and Ganges rivers. Tho white quartzites of 
the Upper Tals are much thinner near Bhadsi, where thoy grade 
upwards into dark, current-bedded calc-sandstones or sandy lime- 
stones, sometimes oolitic, and generally crowded with broken fossils. 


Medi Gad, near Lansdowne (Sheet 53 K/N.EO. 

Exposures m.ay bo seen in the Modi Gad, from Raitpur (29° 54'; 
78° 42') to near tho Eastern Nayar river. The Tal beds do not 
show up well. Below them comes a blue, crystalline, massive limestone, 
exactly like tho Krol C. By a small stream halt a mile E. N. E. 
of Raitpur, the massive limestones are followed below by red shear- 
ed shales, with blotches of green and occasional dolomitic lime- 
stone bands, identioal to those in the Krol B stage. Going down 
the dip come successively lenticular dark limestones sot in calc- 
slate, and banded grey and green slates (Krol A), black, banded, 
carbonaooous slates with salty effloreecencos (In£ta-Krol), purple 
mica-slates with subordinate green slate bands,, thin Irmestones; 
a thin oonglomeratio breccia, purple slates, and finally tipple- 
marked quartziteSy strongly v^ed with quartz. Since Middle- 
miss draws his boundary between the Massive Limestone and the 
Purple Slate series exactly at the above-mentioned stream, it is 
clear that he regarded the red shalm and green calcareous dates as 
port of his Purple Slate series. A suspicion .that this was so was 
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aroosod near Lachmanjliula, but tiie thick jungle there and the 
intense July heat prevented any detailed examination. Ih this 
manner of divisicn, Middlemiss was perfectly justified. The thin 
calcareous slates (Elrol A) of Gkrhwal clearly have very little in 
common with - the olifi-forming Massive Limestone. Being slates, 
they would naturally be classed with the Purple Slate series, the 
more so ^ce red shales occurred above them. This is in contrast 
to the Solon ne^^bourhood, where the thui*bedded Erol A lime- 
stones occur in clifEs 300 feet hi^. The change that has taken 
place in the 120 miles that intervene between Solon and Baitpur, 
is due more to change in composition than to any demonstrable 
increase in intmisity of stress in the Garhwal area. 

The purple slates may belong partly to the Infra-Krol and 
partly to the Jaunsars. The ripple-marked quartzites, low down 
in the Medi Qad section, are exactly like those found in the Jaun- 
sars of the Simla-Ghakrata area. If this bo so, the ‘ volcanic 
breccia* of Middlemiss must occur below the Jaunsars, in just the 
position of the Mandhalis. 


Sutlej, River Area (Sheet 53 A.). 

At the opposite end of the Erol Belt them is a narrow strip of 
limestone which crops out amongst the Tertiary rocks from Badhota 
(31" 03' : 76" 66') northwards to the Sutlej river, nortii-east of 
Bilaspur (31" 20'; 76® 46'). Good exposures of cherty limestones 
and interbedded red and black shales of Krol D type may be seen 
on the path from Bilaspur to Famali (31" 18' : 76® 47'). These 
limestones were noticed by Medlicott^ and by Pilgrim. ^ Both 
writers regarded them as Krol. 


Conclusions and Table of Correlation. 

Adoptang the correlation of the Upper Erol limestone with the 
Massive Limestone of Garhwal, the Krol rooks are seen to extend 
from the Sutlej river, near Bilaspur, to Gungti Hill (29® 45': 
78" 66') in .Garhwal, a distiuce of some 176 miles. The limestones 


^ Mm. -Oetil. Swv. ltd., HI, p. 80, (1864). 

* Fidd Pbty (or Uu^. 1924 (not paUisbed). 
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at Naini Tal wra most piobably Eiol, wbiob would bring the total 
length of outcrop up to 208 miles.^ 

The following table is ofEered as a tentative correlation. The 
correlation with the Kashmir-Hazara area is partly drawn from 
information supplied by Wadia and West, in the Director’s General 
Beport for 1930.* It must be regarded as very tentative. 


Corrdaiion Table. 



Hasara-Eashmlr. 

Btmla-Chakrata. 

British Garhwal. 

Ollgoccne. 

Kocene 

Nurnmnlitloa 


Snbathns 

la a • 

NnmmnlltlOB. 

Oretacooiis • \ 

Olamal sandstone 


Upper Tal . 

Tal. 

Jerasslo 

SpitlsbaleR • 


Lower Tal . 

Almost absent. 

Trias . 

Trias limestone . • 


TAbMUt 

a a a 

r Absent. 



r 

KiolB 1 



Permo-Carbonlfor- ( 

Infra-Trias Umeatonc^ 

1 

KrolD 

-Upper Krol 
limestone. 

Hasslvo Limestone. 

ons. 1 

and Panjal trap. 

[ 

ErolC , 



\ 

1 

r 

Krol B Rod Shales • 

• 

1 

Upper Tanawal (Tanol)H 

1 

\ 




] 

1 

Krol A Lower Krol lime- I 


c 



1 • 

stone. 1 


.. f 

Carhonlferons < 

Agglomeratlc Slate 


Infra-Krol . 

’‘Purple Blaioa (with 
occasional boulder 

Talhatta conglomerate 


Blaini . 

... 

beds). 

c 

Lower Tanawal (Tanol) 


1 Nagtbat stage 


? Devonian and j 
Silnrian. < 





Conglomeratic boulder 

Chandptir stage . 

> Volcanic Breccia. 

Lower Patooxolo 



Handball stage . 

) 

and pre-Cam- 
brian. 

Dogra slates 


Simla slates ? 

■ ■■ 1 flebifltofle series. 




X)oIetiteB have been found intrusive into Krol and older rooks and into 
Terttaries, but not in Tab. There ta possibly a Fermian>Krol suite Mid a later 
Tertiaiy suite. 

»It vas stated in Um. CM. Svrv. Ind., LIII, p. 8, (1928), tbatthe Krol lime- 
stone extends to ths north-west as far as the Ravi river. Ufa mi^ be an awd^tal 
error. oooari<med by the title of Medlicott’o memoir. Between Bdasimr and the I toio 
river, the fooke bordering the Tertiariee ere older than Krol. At Jogmder Nagar 
O': 76® 47'), aohieta, phyliHee and qnartritee, together with intranye porphyritio 
granite, are thmat over the Tertiarie®. These are either Jutogh, CaiaU ot Jaimr. 
The Krol limeitones are definitriy absent. The equivalent of the Krol rooka is probably ^ 
not seen until Kashmir is reaehed. 

€Me 8 w 9» Jnd,t JiSiV, p. (1931). 
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XI, TECTONICS, 

The most cuTBOiy examination of the rocks of the Eiol Belt 
shows their exixeme complexity of structure. This complexity 
is seen in single exposures as well as in. broad views. It becomes 
evident os a result of continued mapping, and may be seen at a 
glance in a rook-slice. 

In places th^e is such chaos that no rational explanation is 
possible. Objection may be made to the adjective ‘ rational ’. 
It may be maintained that with fuller knowledge, or with better 
exposures in the jungle-covered lower slopes of the hills, the chaos 
might prove to be apparent, and might resolve itself into structures 
more readily explicable. To some extent this objection must 
always hold, but it is less readily applied in describing orogenic 
areas of the type seen in the Efol Belt. SWeture is everywhere 
seen by eye to be so chaotically disposed that the fear is that the 
map, however odd, does not adequately show it. For certain 
tracts bordering the thrust-planes, the only ‘rational’ explanation 
is one that does not attempt to simplify at the expense of structure, 
in favour of readily understandable sections. Such tracts are, 
therefore, difficult to represent on the map, partly because the scale 
demands simplification, partly because of an inherent dislike of 
leaving suspicious loose ends and oddly juxtaposed colours. 

No thrusts or faults have been marked on the one-inch maps, 
since almost every plane separating rocks of different hardness, 
and every boundary plane between different stages, is a minor or 
major thrust. The major features have been tr^ed on a separate 
quarteir-inch map, Plate 24. It is these alone that can be here 
described. 


Thrust-bomid SyE^lii^. 

Broadly speaking, the structure d the Erol Belt is that of two 
Ihrpst-bound syncUnes of ELrol (in the east, of Krol and Tal) rooks 
r^ng on a Jaunsar-Simla slate foundation. 

(1) The Nigdii ayndine, named after the magnifloent ridge that mns aonth 
ivm near Qnma peak. Tal and Krol rodta ooonr in a wide ayndine, 
with steep nmthem limb, locally inverted and aevwed by die Gnraa 
dmat. l%e aondiem limb la attenuated and founded' on the GMri 
throat. 

(3) Krti BiU-KamU Dhar ayndine. I^ia more complex, being bnilt 
np ci ndnor ayndinea and aaticibnea, often diapoaing the .Krol lima. 
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Btones in ontlierB. The folloBrtag ohiet individual nnits are reoognia* 
able, in order from north-weat to aonth-east : — 

(a) Paohmtinda and Krol aynclinea. 

{b) Khanog and Bajgarb aynclinea. 

(e) Narag-Dadahn atretch of oontinnona Krol Umeatonea. 

(d) Eamli Dhar and hill 3,610 feet aynclinea. 

(e) The eaateriy continnation of the Kamli Dhar aynoline with 

encloaed Tal rocka ; the Korgai aynoline. 

Thia complex of aynoluiea ia bounded on the north-east by the Qiri thmata, 
and on the aonth-weat.by the Krol throat. 

The two main didocations along the belt are the Krol and Giri 
thrusts. The Giri thrust has caused the most liavoe, since the 
hard foundation of Jaunsar and Simla slates has been pushed upon 
incompetent Krol limestones. It has produced a series of minor 
thrusts aW inversions in the Krol rocks, which are best seen on 
the northern face of Krol Hill. The thrusts are generally parallel 
to the limbs of the folds, parallel to the bedding-planes of the 
beds making up these limbs. 

The folds do not call for much comment. The Kamli Dhar 
syndine is markedly inverted through 120°, Krol B, Krol A and 
Infra-Krol all dipping to the north in inverted sequence. A 
singular feature of the Krol belt is the nature of the folding within 
the Krol D stage. The limestone bands twist and overfold amongst 
shales in an intricate manner, as may be seen in section No. HI 
on Plate 26. 

It should be pointed out that the irregular folding of the Krol 
and Infra*Krol rocks is due to their incompetent nature, and can- 
not be considered a feature of primary structural significance, 
pecuUar to the particular zone of rocks that intervenes between 
the belt of Tertiary rooks to the south-west and the phyfiite-sohist 
zone to the north-east. The rocks concerned had not been 
stiffened up by any ^vioos metamorphism at the time of the 
Tertiary orogenies, and tiie rapid alternations ,of limestone and 
shale would naturally permit intricacy of folding.^ The major 
features are thrust-sheets, just as is so in the schist zone to the 
north-east. 


Krol Thrust 

The Krol thrust is the ‘ Main Boundary' fault ’ of earlier writers 
who have described analogous areas.^ l^om Solon to Dadahu it 

^KMdleinlaa Mtm. Oeoi, Bwv, Jag., XXIV, pp. 19, SI, elo., (1890). 
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brings Infra-Eiol and Blaini rocks against Sabai^u, Dagsihai and 
Kasauli stages. Fiutber east, Blaini, Jannsar and Mandhali rocks 
override Subathus and eventually come to lie upon Nabans. It 
marks the approximate boundary between Erol and theic foun* 
dation rocks {Himalayan of Medlicott) and the main belt of Tertiaries 
{sub-Himahyan of Medlicott). . 

Medlicott did not map this boundary as a fault, since he believ- 
ed that it represented the slightly disturbed cliff face that originally 
formed a boundary to the deposition of 
nummulitics, and against which the Num- 
mulitics, Dagshais and Easaulis were banked. In describing the 
area inunediately to the south of SnbathuS he stated that the 
junction between the Subathu and pre-Tertiary rocks, although 
giving the impression of a great fault line, was in reality undisturb- 
ed, the relative position of the beds in contact on the Boj (modern 
Pachmunda) being what they originally were. This view is cer- 
tainly untenable, since, apart from any question of the Subathu- 
Infra-Erol boundary, the Subathus themselves occur faulted against 
Dagshais and E^asauUs. In considering the nature of the boundary, 
it must be remembered that Medlicott consistently believed that 
not only the one with which we are directly concerned, but also 
other boundaries, such as that between the Middle and Upper 
Siwaliks, in the Markunda nala south of Nahan, were tilted cliff 
faces. Thus on pages 107 and 108, he describes the superpointion of 
Middle Siwaliks on Upper Siwaliks, stating that older observers 
regarded the sequence as natural. He was aware that sinoilar 
puzzling sections had been found in the Alps, and of the usual 
assumption of 'prodigious faulting’ to account for this abnormal 
superpontion. Nevertheless, he finishes up by believing that the 
section was an originai contact and that ' no faiuk at aU has ocourr- 
ed *. ^milarly, on pages 116 and 116, he dismisses the northward 
dip of Nahans below pre-Tertiary rocks, near Mmeoorie, as * quam 
proxme, an original one*. M^oott is a difficult writer, whose 
ai^inments are not easy to follow, but it is clear that his whole 
position depended on this idea of slightly disturbed contacts of 
old vertical cliff walls against which the Tert^y rocks were succes- 
sively banked. Below Mussoorie, these old cliffs must have been 
10,000 feet high, because it is the upper part of the Nahans that is 

« dfb cAn m« Pt. Fp, 84^ (18M). 
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juztapcNsed against pi^Tertiaries, and, by hypothesis, the Subathns, 
Dagshais, Easardis, and Lower Nahans must all have been previous- 
ly banked up against this wall, only to be covered up with the higher 
Nahans now actually seen. It cannot be supposed that the Nahans 
had overlapped beyond the Subathns in a north-easterly direction, 
and thorefore be argued that the cliffs need not ,have been so high, 
because it is known that Subathus occur in this direction in places 
where the Nahans have never been found. 

1 have seen the sections both south of Nahan and below Mus- 
soorie. To my mind, there is no alternative explanation to that 
of the existence of thrust planes. The thrust below Mussoorie 
is the continuation of the &ol thrust. 

The sections in the Makunda nala south of Nahan, near Dhadu- 
waU village, show gently dipping Upper Siwalik conglomerates, 
^ overlain by highly coloured Middle Siwalik 
« iiwa 8 tec on. , i sand-rock and clays. These clays 

are very soft. It is not likely that they would ever have formed 
a steep cliff. They do indeed form a cliff at the present day, but 
one that is marked out by terraces of earth pUlars and highly crum- 
bled sand-rock. Most certainly this sand-rock would have been 
incorporated in the Upper Siwalik sediments, had these been 
deposited, as was suppos^, against it. No sign of the sand-rock 
is actuaUy found. The pebbles in the Upper Siwaliks of this 
locality are solely those derived from the Lower Siwalik or Nahan 
sandstones. Neither do the Upper Siwalik rocks show the bright 
colours of the Nurpur beds. 

The present junction between Middle Siwaliks and underlying 
Upper Siwaliks is a plane that dips northwards at angles of less 
than 45”. It is sometimes parallel, sometimes slightly inclined, 
to the bedding planes of the Upper Siwaliks. If this junction had 
once been vertical, but was latw tilted over towards the south, as 


depicted by Medlicott in Figs. 14 and 15 of his memoir, it would 
be expected tha1b, in proportion as' the cliff face asstuned parallelism 
with the beds that were originally deposited at right angles against 
it, so must tiiere have been faulting. Medlicott himself speaks 
of * boundless tangential farces ’ (page 110) and yet was unwilling to 
allow even limited reverse faulting to account for this contact, 
remarking that it was a relief to find an escape from tiie usual modes 
of aoQpunting for such juxtapositions. It would be quite wrong to 
throw aside Medlieottis ingenious stqypestion as being without value, but 



it is dear tiiat he exceeded lie legHamate appUoation in z^[acd to 
tbe Krd thrust, and ev^ to the thrust seen at Dhaduwala. 

liedlicott . also thought that Kununulitics did not occur to the 
BOKth>east of the area where he had noticed them, a belief that 
was connected with his idea of cliff barriers. Later, Middlemiss 
foimd Nununulitios on the Tal rocks of Qarhwal, and recently I 
have seen them on Erol limestones (page 403), and at Dabra, north 
of the Tons thrust. In all these cases tiu^ are often seen at higher 
altitudes than the Nahans found so)tth-west of the boundary fault, 
and imply an devation equivalent to their position in the geological 
suooesrion below the Nahaus, plus the hdght difference now seen. 
Some of this elevation of Nummulitics is, of course, due to folding, 
but the folds have only a fraction of the amplitude that would bo 
required to bring the Nummulitics to the height above the Nahans 
at which tiiey now occur. The sliding of a whole sone of rocks 
oy& a tiirust>plane would readily accoimt for this position. 

The recent survey of the Erol Belt has established conclusively 
the thrust condition of the contact between the pre-T«rtiary and 
Tertiary rooks, though doubt is still left as 
'to. the importance of the thrust in the neigh* 
bourhood of Solon. Thrusts in that area, are certain, but whether 
the Krol limestones of Pachmuuda Hill form an outlier resting on 
an oxtensivdy thrust and folded nappe is not definitely proved. 

The most convincing places for demonstrating tiie low angle 
of contact of pre-Tertiary rocks, with underlying Teriwies, are 
the following: — 

(а) Ja the Amlawa and Tons riven, near Kalai, 'where Mandhalis rest gently 

upon hardened ted shales that are eitiier Dagshai, Nahau or Middle 
SiwBhfc.^ The d^ of the timist varies fmn 36** to 36“, northwards. 

(б) Msjpiiing shows the low angle of omtaot between the Infra-Krois and the 

SttbathuB between hill 4,317 feet and Dadahu. 

(c) Between he%ht 3,241 feet on the Kawal Khal river and hill 4,633 feet 
Infia-Krol and Blainl upon Snbathus. 

(tiy BetweM the Blaiai river and Maraeh ool, lnhra>Erol and Blaini upon 
Sohathaa 


Recent survey. 


i Pflgihtt, Meffli. dboL 0ttrp. /nd., IJIl, p. 60 (1S28), regarded theee shaliM as 
l}sMhri< TSwr .‘wesstahsaby Oldhwnto belfehan. They appear to me te be ntber 
KaniA er MMole Siwalik, beiu unlike tiie Da^gshais <d we type area. It is true 
that tta sbdes are onismri and barden^ tnider ^ Srti thanu^ so resemblanees 

may bavf been rather .obeaand, bnt I baamt ase that Dr. IRgdm eD<ril.Jiavs had ‘ ao 
heotatiott * in n)gawHi« titem as DagabaL The questhm la immaterial to the matter 
.dtosuMM'riMve. fu tfia map 1 bava eolented itwm aa Mabao. 
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The thrust is uot everywhere of the same goutle hade. North- 
west of Barog railway statiou it is even inverted for u short distance, 
between the motor road and the 5,800 feet contour, hading south- 
west. For most of the way between Narag and Dadahu, it has a 
very steep hade to the north-east. 

The interpretation of the structure round Solon is cme of great 
difficulty. It will be seen from the map that there is a narrow 
outcrop of Subathu rocks r unning up the Blaini river towards Solon, 
which is flanked by Infra-Krol rocks, and which itself has a core of 
Simla slates. The relations are shown diagrammatically in Fig. 1 
oil page 436. The Tertiaries ore found to dip, both at steep and 
at gentle angles, beneath the Blaini, Infra-Erol and Eiol limestones. 
They arc known to rest at Subathu upon Simla slates. Across the 
Blaini valley there is the apparent succession. 

Blaini, Infra-Krol and Krol limestones. 

{Kroi thrust, inferred). 

Subatiius. 

{normal superposilian). 

Simla slates. 

It is difficult to suppose that the Subathu rocks had been caught 
in two parallel and strongly pinched syuclines amongst older rocks, 
because, if this were so, the enclosing older rocks of both limbs of 
the syuclines should be the same. In reality, Simla slates arc 
found in the middle of the Subathus, while Blaini-lnfra-Krol flank 
them on either side. The apparent structure is that of a single 
anticline pitchi^ to the south-east, with the sequence given above. 
Only by a curious accident coidd the Subathus have been deposited 
in a bay, bounded by cliSs of Blaini-lnfra-Krol (now represented 
by Krol and Fachmunda Hills), and with a floor of Simla slates. 
Under these circumstances it would be possible to imagine that 
subsequent movement mi^t fold the cliffs of Blaini-lnfra-Krol 
over Subathus, and at tffie same time, elevate the ^opr of Simla 
slates. This is the view that Medlicott adopted. It implies that 
ovafolding of the cliffs was negligible near Solon, but great to the 
north-west. It implies also that the cliffs at Fachmunda were 
folded on the south-west side over to the south-west, and on the 
north-east side over to the north-east. 

There is no doubt about the normal unconfotmable supeepos- 
ition of Subathus on Simla slates. If the Blami-Infta-Krd, with 
outlion of Krol limestone^ are found to oooux above Subathus, the 



SECTION AUONG 



Era. 1. — Diagiam showing stractuxal relationsbips north-west of Solon. 
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alternative inference may be made that their position is due to 
thrust faulting, subsequent folding of which has led to the forma- 
tion ef the Pachmunda outlier and has exposed the underlying 
Subathus in a pitching anticline along the Blaini river and in two 
mndows near Solon. The magnitude of translation, on tliis 
inference, is great, too great probably for those who look only 
at the Subathu/Infra-Krol contact near Borog station. 

It can hardly be doubted that the Subathu/Blaini/Infra-Krol 
contact, north-east of the narrow outcrop of Simla slates, is a 
thrust. The curved nature of the outcrop of the dividing plane, 
with the V pointing north-east, into the valleys, shows that the 
pljmc is gently inclined. Further, the width of the Subathus 
between^ the Blaini-Infra-Krol and the Simla slates is very variable, 
expanding with depth. Neither can it be doubted that the contact 
seen south-east of Solon, between hill 4,633 feet and height 3,241 
feet in the Kawal Khal, is also the trace of a thrust-plane. 

It may be held, however, that these two thrusts join up near 
Solon, and do not swing round Pachmumla Hill, as is here supposed. 
Support for the objection could be fotiud in the occurrence of the 
Subathu pisolite near hill 4,819 feet, immediately below the Blaini- 
Infra-Rrol, from which it could bo argued that the magnitude of 
translation could not be great if the original bottom bed of the 
Subathus is still preserved. This bottom bed also occurs in the 
Kawal Khal, where there is . every reason to believe the thrust to 
be important. Its occurrence near the 4,819 feet thrust-contact 
could be regarded as fortuitous. 

The issue is, in some respects, similar to the controversy con- 
cerning the Glarner fold in the Alps, which was at first interpreted 
as a double ‘ mushroom ’ fold, but was later considered to he a 
nappe-fold, based on a tlixust-plane. 1 see no evidence apart 
from boring which will settle the question, but tlie explanation 
offered of a folded thrust-plane of great extent seems reasonable, 
bearing in mind the magnitude of the extensive thrusts known to 
exist along the Himalayan foothills. 

Some indication that the Krol thrust is more than a minor featurt 
is givmi by the fact that it overlaps the Nahan thrust (which separates 
Su^thna iemn underlyii^ Nahans) in an easterly direction. At 

o 
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Nahaa, the Nahan thrust is five miles distant from the Krol thrust. 
At Satanu it disappears, together with the Subathu rocks, and pre- 
Tertaaries rest directly on Nahans. 

One of the most noticeable features of the Krol Belt is the change 
in strike near Dadahu from N. W.-S. E. to nearly east and west. 
Similarly, between the 31° and 32° latitudes, north of the area describ- 
ed in this report, the strike changes from N. W.-S. E. to nearly 
due north and south. A careful following of the boundai'ies between 
the stages in the Tertiaries might disclose the fact that the Krol 
thrust, and other thrusts separating the Tertiaries from the pre- 
Tertiarics, have caused an extensive tectonic overlap of older rocks 
upon younger, over a distance dependent on the amount of depar- 
ture of the outcrop of the dividing plane from N. W.-S. E. My 
own observations amongst the Tertiary rocks were not extensive 
enough to prove the point. 

The actual fold-axes in the Tertiaries appear to follow the same 
general change in strike that is shown by the Krol Belt, since the 
folds probably arose as a result of pressures initiated by the fore- 
ward movement of the belt over the Krol thrust. But a detailed 
examination of the fold-axes of the boundary planes between the 
folded stages, may well show that these arc truncated by the Krol 
and analogous thrusts. 


Qiri Thrust. 

The Qiri thrust is a well-marked feature which has been traced 
from the Gambhar river to north-east of Ohandni, where it dies 
ont in an anticlinal fold. 

It was noticed by Medlicott, who has shown a part of it very 
accurately. 

North-west of Kandaghat, the thrust is steep and separates 
diflila ^tes from Jaunsars. Aloi^ the Ashmi river, its dip becomes 
gentler. Simla slates are thrust first over Infra-Kxol, and then 
over themsolyes. The thrust has not been traced between Sunnu 
and GUuhra, but is seen in the Qiri river below the Gauhia Best 
House, where two fades of the Simla slates are separated with 
disturbance by an inclined feult. Further south-east, the thrust 
truncates an anticline of Blaini with underlyii^ Ohhaosa beds 
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belonging to the Simla slates, in the manner shown in the dia- 
grammatic section below. 



Kiu. 2. — Diagrammatic sectiou along Kawal Klial rivor (Blami shown in blaok). 

Horizontal scale, 1 inch - 1 mile. Vertical section diagrammatic. 

This is a haodification of the sections given on pages 12 and 13 in 
Metn. Gfeol. Surv. Ind., LIII, (1928). The Giri fault there marked 
is now regarded as a major feature, and its position has been chang- 
ed from the south-west to. the north-east limb of the anticline of 
Simla slates that runs along the Giri river. If the Blaini of Dud- 
liam should prove to be Mandhali, and if the Mandhalis occur 
normally between the Jaunsar and Simla series, there would be 
no ne^ to postulate the Jaunsar tlxrust. The section above the 
Giri thrust would be a normal one. 

Mapping is very difficult from height 2,820 feet down to Niwar, 
though the existence of thrusts is de&ute. Below Bongli, Jaun- 
sars dip at 60’’ to the north-east upon Krol 0. Two miles to the 
south-east the thrust is inverted, dips being to the south-west. 
At Milan, imbricated Jaunsars and Blaini again dip to the north- 
east at 40°-50° upon Krol C limestone. Eastwards the dip of the 
thrust varies. North-west of Kando, uninverted Jaunsars rest 
at a low angle on inverted Blaini. In the Nait ka khala, the 
Blaini is out out, and Jaunsars overlie an inverted sucoessioa of 
Infra-Kiol and Krol limestones. The Giri thrust then splits up 
into several minor, parallel, thrusts, which eventually die out in 
the Barbas antidine. 


Tons Thrust. 

The Tons thrust is a fairly well-marked feature which separates 
Mandbalia and Jaunsars from the underlying Moiar-Chakrata beds. 
By hei{^t 2,206 feet, on the Tons river. Jaunsar rocks occur in the 
6,000-foot scarp on the right bank, dipping south-west, while on the 

o2 
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lefii bank occuis the Deoban limeBtone, dipping apparently to the 
north-east in cliffs and terraces nearly 7,000 feet in height, A 
great dislocation is therefore required to explain the juxtaposition 
of unlike rooks on the two sides of the Tons river. 

In connection with the present discussion, the important point 
is that the Tons thrust dips to the south-west and south. Since 
the Krol thrust dips northwards, it is possible that the two thrusts 
are the same, and that the great syncline of Jaunsar rocks, with 
overlying Krols and Tals, rests as a nappe on a folded thrust-plane. 
Should this be so, ike Krol tlurust would be of premier importance 
in the structure of the area. No information is to hand to prove 
the point. 

Below the Tons thrust occur Simla slates, together with soft 
purple sandstones of Dagshai ^ type and Nummulitic beds. Definito 
Nummulitic limestones, associated with vitreous quurtsites and 
green shales, are seen at Dabra. It is very probable that tiie 
lenticular limestones, shattered white qiwrtzites and green shales 
that crop out between the 3,600- and 3,250-foot contours on the 
path from Sarog to Sayasu, are also Nummulitics. 

To what extent the purple sandstones are Tertiary is impossible 
to determine. At Kailana and along the Sell Gad to the east, 
mottled purple sandstones occur interbedded with the concretionary 
faeies so typical of the Ghhaosa type of the Simla slates and may 
reasonably be oonendered to belong to the Simla slates. More- 
over, Dt^shai-like sandstemes occur as boulders in the Blaini, 
boulder bed, which is without question pre-Tertiary, and is with 
fair certainty pre-Mesozoic, thereby proving that there must be 
at least two series of sandstones of similar type, one pre-Mesozoic, 
the other Tertiary. It does not follow that all these sandstones 
■ north of tho Tons thrust must belong to the Simla slates, but only 
that ikey eannot all be Dagshai. 

This occurrence of Nummulitics below both the Krol and the 
Tons thrill is suggestive of the possibility that .tkip lure fxmtinu- 
ous beneath these thrusts. The centripetal dispbsition of Num- 
mulitics below the Imier Schistose scries of Garhwal may be recall- 
ed.^ It is true that Middlemka did not favour the idea, which 
he himself brought forward, that the Inner Schistose series oocurr- 
ed IMS 1^ upon continuously underlying Nummulitici^ but a 

* 8m Mm. Oeei, Swv, Ini., Ull, p. 38, <1888)1. 

■ 9»e, OM, Sm- K3C, pp. 94. 86, (1897). 
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re-examination of the Garhwtd area may eventually establish that 
this is so.^ 

The question of the identity of the Krol and Tons thrusts has 
yet to be settled, but it seems reasonable, in view of the similar 
tectonic sequences on either side of the Jatmsar syncline, to regard 
them as one and the same thrust that has been subsequently folded. 

Small-scale Structures. 

It is unnecessary to desmbe in detail the varied reactions of 
different rock facies to stress. The following five sketches, all 
drawn from photographs, will give a fair indication of the com- 
plexity that prevails. Reference should also be made to Plate 21, 
fig. 1, and to Plate 22. 

The Subathus, the Krol B and D stages and the Tnfra-Krol 
have suffered the most disturbance. The complexity of folding 



Fin. 3.— Interdigitation of Blaini lime&ltoae in bould^f beds and dates,- leffc t>ank of 
the Jagar ka Khala, near eonfluenoe with diri 


^ Middlemiss was aware in 1S87 of the thrust strootures tliat were at that time 
being discovered in the North-West Highlands of (Scotland, hut he considered that the 
Garhwal eroa, eicamined on its own merits, did not warrant similar deductions. It 
is possible that the great nappe structures found in tlio Alps predispose geologists to 
find them elsewhere in analogous orogenic bolts. Fvoii allowing, however, for such a 
prediaposition, and for an unoonacioiis neglect of faots thict might negative eixpiaualtion 
of structure by futppe format on, the undeniable existence of such structures in many 
mountain*ohains makes it probable tliat another interpretation may bo put oii t!he stfuct- 
uiee present in Gavhmb 
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and fracture shovm by such soft rocks when caught up in orogenic 
movements, is greater than that of the older, more indurated 
rocks. Books previously converted into quartzites, slates and 
clay<slate8 will already have attained a certain degree of stability 
and competence before the oncome of the Tertiary orogenies. These 
competent beds would act as structures capable of resolving the 
Tertiary stresses into definite directions. This is not so with the 
Sttbathus, in the soft sandstones and shales of which adjustment 
to strain has been irregular and without orientation (see Figs. 4 
and 6). 



Fto. 4.1— AMannated tieds of nndaUme in ihslc^ Subathu stage, Chunbliar river, one 

mUeeostof Hu^or. 

Induration is not the sole factor. The shales and sandstones 
of the Bagshais are no more indurated than those of the Subathus, 
but yet the Dagshais are folded in a much simpler and more regular 
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manner. Further, the shales and limestones of the Krol D stage 
in the east of the area are less contorted than those of the same 
stage near Mangarh. This may be explained by the fact that the 



Fia. 8. — Sliattered b«d8 of limestono in caloaieoiiB shale, Subatbn stage, left bank 
of Koshallia nadi, two miles K S. £. of Ealka lailvaj station. 

very regular alternations of equal thickness of sandstone and shale 
in the Dagshais, and of limestone and shale in the eastern develop- 
ment of the Krol D stage, tend to prevent unequal redistrib- 
ution of materisl. Other factors, such as the protective iufuence 
of the Tal beds on the underlying Krol rocks, are also .of im- 
portance. 

The complexity of miniature folds and thrusts in the Handball 
limestones (Fig. 6 on page 444) is due to the original lenticular habit of 
the limestone and phyllite, by which the many discontinuous beds of 
limestone would each tend to fold individually within the more 
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general phyllitio matrix. It may be presumed that the greater 
angularity of folding and fracture of the Mandbali limestones in 



10. cm. 


Fia. 0. — ^Twisted Imtioles of sandy limestone in phyllito, Mnndlmli bods, 0-(> miles 

north ol Sataxm, Ghi river. 

comparison with those of the Krol A stage (Fig. 7) is duo to the 
fact that the argillaceous phase in the Mandhalis was already a 
clay-slate or phyllite at tJic time of the folding, and therefore 
reacted in a more rigid manner. 


Age of Thrusting. 

In the Ealsi area, the Krol thrust brings pre-Tertiary rocks to 
rest upon Nahans. The thrust must therefore be of Miocene or 
later age. 

At Bilaspur, Krol limestones are seen to rest at 30®-40'’ upon 
Upper- d^walik conglomerates. The latest moyement of the thrust 
here cannot be older than Pliooene.' The same inference applies 

' Thk tbfiBSt has not been jobrnd np vitii the Krol thrust of the a,tea ineluded in 
the map. 
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to the thrust at Dhaduwala, south of Nahan, which brings Middle 
Siwhtiks to rest upon Upper Siwaliks. 



In contrast to this dating, Middlemiss^ found that the Upper 
Siwalik conglomerates have overlapped the Nahans, on to the ixaps 
of the pre-Tertiary rocks, truncating the Main Boundary fault. 
This proves that the Main Boundary fault of Garhwal was pre- 
Pliocene. Middlemiss also notes that a later reversed fault, in 
the same Gangolia locality, has brought Middle Siwaliks on to 
Upper Siwaliks. The thrusting must, therefore, have continued 
over a considerable length of time. 

A difficulty is raised by the late age of some of these thrusts. 
By Pliocene times, the main drainage system of the Himalaya is 
bdieved to have been wcU established. The 


Morphology. 


late Pliocene thrusts must, therefore, have act- 


1 Mtm. Ota, Surv. had., XXIV, p. 107, (1890). 
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ed on a region already largely dissected into separate orographical 
areas. To what extent these areas, with intervening river valleys, 
limited the nature of the tectonic structures present in them, will 
be very difficult to decide. Once a river has carved down several 
thousiinde of feet, it may be presumed that pressures above the 
level of the river must have been confined to the orograpliical 
units in which they occurred, and must have been relieved by struct- 
ures peculiar to those units. The Krol thrust certainly crosses 
the Tons and Jumna rivers undeflected, so that the wlmle of the 
Krol Belt must have moved forward as a tectonic unit before the 
rivers had cut down to their present levels and had divided up 
the country into the modern orographical areas. 

Ampfercr has described rdief-overtkrusting in the Alps, by 
which translation of rock masses has taken place over a topography 
previously determined by subaerial erosion. ^ The whole question 
of morphology in relation to tectonic history is, however, too 
difficult to (lisouss here. 


Inclination of Thrusts. 

The inclination of both the Krol and Giri thrusts is found to 
be very variable, in some places being only 20% in others inverte<l. 
Mr. F. Lake‘ has deduced that the thrust-plane at the base of the 
Himalaya must have a dip, at its outcrop, of 14**. He suggested 
in 1903 that the visible boundary faults of the Hunalaya are pro- 
bably minor thrusts, since the actual base of a modern mountain 
chain would be obscured by the products of its own denudation 
(Siwaliks and modern Ganges alluvium). Dr. Fermor’* has drawn 
attention to a paper by Mr. Middlemiss% in which the inclination 
of the thrust at Kotli between the Murrees (Dagshais) and the under- 
lying Middle and Upper Siwaliks, is actually 12° to 15°. This 
thrust was taken by Dr. Fermor to be the Main Boundary fault, 
and Mr. Lake has accordingly allowed that the real basal thrust- 
plane of the Himalaya does in fact crop out, and an inclination 

1 JaJtrb. gtd. Buniemntt. Wien, UiXVin, p. 241. (1928). 

* Oeol. Mag., p. 305, (1803) ; op. eii., p. 34, (1081). 0eof. Joum., LXXVUI, No. 2, 
p. 151,(1931). 

* Bee. Oeek Sun. IimL, LXIl, p. 410, (1928) 

* Op. eii., L, p.188, (1819). 
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that agrees with the theoretical value. Mr. Wadia^ has shown 
that this thrust cannot be considered a boundary fault. It does 
not form a limit to the deposition of the Siwalik sediments, and, 
moreover, it terminates a short distance to the northwest in an 
anticlinal fold. The point at issue, however, is not the actual 
nature of the thrust-plane described by Middlemiss, but the vari- 
ability of inclination of most of the Himalayan thrusts. Mr. Wadia 
agrees with me in the experience that a t^ust may change greatly 
in dip within a distance of a few miles. The thrusts began, doubt- 
less, with a rapid forward movement, when elastic limit was reach- 
ed, but they must have slowed down as this original stress was 
relieved, and as resistance of the underlying and frontal forehand 
became greater. Cadell’s experiments^ have sliown that hori- 
zontal pre^ure applied at one point is not propagated far forward 
into the mass, and it seems legitimate to suppose that, in proport- 
ion as pressures in one part are relieved, so would new pressures 
and strains arise in the part to which the thrust masses have been 
transJated. It would be expected that increase in frontal resistance 
would tend to cause the folding of the whole structure of overthrust 
muss, and overridden mass, as a single unit. The original dis- 
}>osition of the tlurusts, that might have better accorded with 
theoretical inclinations required for movement along plane surfaces, 
would consequently be obscuredi 

Further, the rocks undergoing folding and thrusting arc not 
homogeneous, and it would hardly be expected that relief from 
pressure would take place with mathematical perfection. The 
r<>siBtance ofiered by the Bohemian masiif to the advancing Alpine 
folds may be cited as an example of the kind of deflection that is 
caused by tiie local presence of a stifi unit of the foreland. 

The coincidence of the theoretical inclination of 14°, deduced 
by Mr. Lake, with the observed inclination of a part of the Eotli 
thrust must be fortuitous. It may, moreover, be questioned 
whether 1h»e is a single thrust, of unique importance, to which 
Mr. Lake’s deductions can be applied. It appears to the writer 
that the conception of a ’ Main Boundary fault ’, and hence of a 
basal thrust-plane to the Himalaya, has been carried too fai‘. it 
arose at a time when the faults were thought actually to mark the 
successive limits of sedimentation against the uprising Himalaya, 

*■ Mem, QuH. Bunt. Ind., II, Ft. 2, (1928) ; map at the oud of Memoir. 

* Trane. Bay. See. Eiin., p. 887, (1890). 



448 


Uecofds of the Geological Swvey ofliMa. [ You LXVII 


and when the structure of the pre-Tertiary rocks had not been 
examined in detail. Recent work by Pilgrim, Wadia, West and 
the writer has shown the number of thrusts that actually exist 
in these pre-Tcsrtiary rocks. Scone of these cannot bo considered 
minor stractures, comparable solely with the minor thrusts, as 
distinct from the major thrusts, of the North-West Highlands. 
The Chail thrust of Mr. West is of premier importance. In the 
Himalaya, as in the Alps, it would appear impossible to regard 
any single dislocation or imppe aa having borne the whole burden 
of the advance upon the fcoeland. 

Pre-Tertiary Structures. 

A brief note has already been published^ in which the existence 
of structures showing a N. E.-S. W., Aravalli, orientation was 
discussed. 

The observations were scattered over a wider area than that 
here described. Actually along the Krol Belt, the following struct- 
ures may be noticed:— 

(1) III the Palor ka Khala, above Siyun; conglomerates in the Jaunsar 

series have been crushed, so that the pebbles have been elongatt^d to 
ellipsoids, the major axes of which strike 00"’-240®. I'he elongation 
is seen on dip surfaces. Along one direotion at right-angles to the dip 
surface, the pebbles appear moie or less circular. Dip of conglom- 
erates i 30® to E. N. E. 

(2) The Jaunsar phyliites at Shallai are thrown into small-scale folds, the 

size of mega-ripples, the axes of which vary in strike from 80®'-*2G0® 
to 60®-240®. Ill addition, there are grooves and strise, on the bedd- 
ing planes of these phyliites, which strike 35®-215®. These re^mble 
giuMsiai strke, but are found on close inspection to be minute cross* folds 
running in the direction of dip of the false cleavage. They appear to 
I'csemble the grooves described by Dr. Eermor except that they have 
no connection with the pitch of the synclinal fold in which they occur. 
Dip of phyliites and quaitzitcs : 30® to S. S. W. 

(3) 'The Bteini bonfaier bed on the ridge between Join and Chandpur summits, 

has been made sdristose. The direction of elongation of thb pebbles 
varies from N. E.-S. W. to E. N. E.-W. S. W. Dip of boulder beds : 
due west. 

(4) The schistosity of the Jaunsar quartz-schists, in the Shamanah ka Khala, 

below Andi'a, strikes 46®-226®, the shear-cleavage dip being 70^ to- 
wards 314®. Dip of quartzites ; 34® to & S. W. 


hKYlr 9^ 467, (1033). 
Qedl.p XIX, p. 5G0, (1924). 
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These directions are at right angles to the strike now shown by 
the Himalayan range. They suggest that pressures had formerly 
acted in approximately a N. W.-S. E. direction, which is the same 
direction as that of the pressures responsible for the formation of 
the Aravulli range and its subsequent rejuvenation. 

If the Aravalli range be produced across the Gangetio niluvinm, 
it meets the present Himalaya in the region between Ohakrata and 
Naini Tal. It seems a legitimate assumption to r^ard those 
structures of N. S.-S. W. orientation in the present Himalaya 
as luiving been caused by activity along the Aravalli axis. Such 
structures liavc never been noticed in tlie Inira-Krol and higher 
series, so it may be assumed that tlio activity responsible for them 
ceased in Blaini times, that is, during the Upper Carboniferous. 

It has hlready been stated on page KM) tliat the folding which 
was responsible for the unconformity of Blaini upon Jauusar rocks 
probably did not have an Aravalli direction. There is therefore a 
certain degree of anomaly, since the Blaini of the Juiu-Chandpur 
ridge appears to show this Aravalli orientation. Further, no un- 
conformity of orogcnic violence is seen between the Blaini and the 
underlying Jaunsar and Simla series. 

The two sets of facts must bo left together and unexplained. 
The commonness of N. E.-S. \V. structures in the Himalava can- 
not be disregarded. Moreover, they cannot be explained by sup- 
posing that their formation was due to strongly rotational Tertiary 
stresses, since the post-Blaini rocks all show a true Himalayan, 
N. W.-S. E., orientation of structure. 

Besides the structures that I have myself recorded from Garhwal, 
Mkidl^iss ^ mentions the prevalence in the Kumaou of folding 
and cleavage of pie-Tcrtiary rocks in a north -south direction, which 
he attributes to an east-west pressure. 

It maly be maintained with safety that the modern Himalaya 
contain relies of structures that were duo to earlier,,. uon-Himalayan, 
tectonics. 


XII. ECONOMIC. 

The country is very poor in minerals. 

It should be remarked that in no instance has any mineral been 
seen to occur in sufficient quantity to justify exploitatiou. 


1 Mtm. CM. 8urv. Ind., XXIV» p. liiS, (1886). 
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Baiytes. 

Barytes occurs, or may have occurred, ia tive following loca- 
lities. In all cases it is found in the older rooks. 

(1) A disoontinuous vein of baiyies ooours in the Simla slates near hill 3901 

(30® 68' 20" : 77® T 16^), two miles B. S. B. of Subathu, on the border 
of Bharauli and Baghat State. Tt is about four feet thioh and occurs 
along a fault-plane. It can bo traced sporadically for about a mile 
to the south-east. The barytes contains galena, but in very small 
amount. The old workings are now almost overgrown with veget- 
ation. 

(2) J>r. A. L. Ck)ulBon has drawn my attention to references concerning old 

lead-mines in the same neighbourhood, and I have draAvn verbatim 
from the information he has collected. 

* Kelly ^ and Henwood * have described mines not far from this 
neighbourhood, but they have made no mention of barytes.’ Ball*, 
however, gives three localities where ores of lead are said to occur. 
It is thought that the first of these, namely, ** 2^ to 3 miles south- 
east of Huriapur is the locality mentioned by Mr. Auden.’ ** Huria- 
pur ’* is probably the village ** Haripur ** (31® 01' ; 76® 69') on sheet 
63A/i8. Ball adds:— 

** iraoes of lead ores with barytes are said to occur to the east of 
the Suspension bridge, as far as the Sairan dak bungalow, on 
the Simla road, but (that) they do not ooour to the west/' 
Sairan is probably Sair (63 B 4, 81^ 06' : 77® 03'), on the track 
from Subathu to Simla.' 

(3) An old working is seen in a mla which joins the Kawal Khal at W 50' 

30"' : 77® 10' 20', Patiala State. It is in Simla slates. No trace oi 
ore was seen and the villagers have no recollection ol what was obtain- 
ed. 

(4) In the Jagar ka Khala, Sirmur State (30® 37' 30' : 77® 28'), smalt veins 

of barytes are found in the Blaini boulder bed. The barytes is much 
mixed up with shale and effervesces with acid. Speoific gravity, 
3*94. No galena was seen. 

Qypsum. 

Gypsum is found in the Krol limestones in the following local- 
ities : — 

(1) Near Bhaonrari, Sirmur State (90” 47': 77° 14'). Small pooketa of 
gypsum ooour in Krol D limeBtone. These are probably replaoemeat 
pockets. 

* Jffa. Jown., 6e>60, (1869). 

® Op. pp. 6<f 471. 

* Cj. La Tooehs^ Kbliogiaphy, Ft. IK p. 19. 

* man, Otd., p. 30S, (1881). 

* Bw. Oed. Ban, lad., LXII, p. 31, (1930). 
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(2) Bidana, Sirmuv State (30** 33' 22': 77' 44' 51'). A lenticular bod of 
gypsum, 20 yards loug and a maximum of 18 inches in thickness 
occurs in Krol A limostono. The spccilic gravity of some of iho material 
gave the value 2*705, so that there is probably an admixture of gyp- 
sum and anhydrite. The greater part of the mineral is gypsum, with 
specific gravity of 2*306. The deposit appears to be an original one, 
and not due to replacement. 

Seepaj^es. 

In 1928, the Mulmraja Sahib of Uaj'hat Btiitu asktHl mo lo 
examine some reputed occurrences of iron, near ITarat. Tht? 
material is ferric hydroxide, and occurs as seepages from the Infra* 
Krol slates. Such seepages are found all along the outcrop of the 
Infra-Erols, ^.but do not indicate anything of economic interest. 
White salty effloresrences often occur on the black Infra-Krol slates. 
Analysis shows them to contain the following radicles : — Cl, SO.^, 
K, Mg, Ca, and Fe. 


XIII. LIST OF PLATES. 

PtiATK 17. — Kaiuli Dhar and Qiri river, from near Chandni. Height dilTcrciiec, 
4,750 feet. Mandhali, Jaunsar and Krol scries. 

Plate 18.— Ouma peak, 8,098 feet from Kigali Dhar. Syndinc of Upi'rr ^J'al 
quartzites and shales, with vertical northern limb. Krol limes tones 
on Guma. 

Plate 11).— Overfold in Krol D stage. View of Mangarh village, with Blmran, 
Sainbar and 6,687 feet hills in distance. 

Plate 20.— Fig. 1.— Blaini boulder bed, confluence of Blaini and Gambhar 
rivers. 

Fio. 2. — ^Boulder of tillito in Blaini boulder bed, Blaini river, one- 
third of a mile E. N. E. of Katiara. 

Plate 21. — Fig. 1.— Fault zone in Krol A limestones and shales, Giri river, 
three-quarters of a mile north of Dadahu. 

Fig. 2. — Steeply tilted ripple-marked Jaunsar quartzites, Giri 
river, one mile below Narail. 

Plate 22. — Deformation of Krol A limestone and shale by flow, quarter of a 
mile W. S. W. of height 3,278 feet, Nera (Nowali) vaia, 

Plate 23. — Dark, current-bedded, sandy limestone overlying pale quartzites. 

Upper Tals. Current bedding concave upwaids. Kigali Dhar, 
three-quarters of a mile north-east of Koti Dhaman. 

Plate 24. — Fig. 1. — Map of chief thrusts and faults. Scale, one inch to four 
miles. 

Fig. 2. — Sketch map showing relationship between formations. 
Seale, one inch to four miles. 

Plate 25. — ^Ma^ of Krol Belt, with Sections I- VI. 
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On some Crush Conglomerates of Dharwar Age from. 
Chota Nagpur and Jubbulpore.^ By M. S. Krishnan^ 
MA. (Madras), Bi.D. (London), A.R.C.S., D.I.C., 
Assistant Superintendent, Geological Survey of India. 
(With Plates 26-29.) 


INTRODUCTION. 

In this paper are described some crash conglomerates occurring' 
in the Oangpur State of Bihar and Orissa and in the Jubbulpore 
district of the Central Provinces. In both cases they form part 
of the Dharwar sequence. Conglomerates from other parts of 
India and from similar formations have been described, except in- 
a few cases, as of autoclastic origin. It is the aim of the writer 
to show that those dealt -with here arc of sedimentary origin, though 
locally, the crushing and shearing have been so intense as to ob- 
literate the original nature and impose autoclastic characters. 


OCCURRENCE AND OEOLOQICAL RELATIONSHIP. 

In Oangpur State a very conspicuous zone of conglomerate 
occurs at the top of a sequence of Dharwar rocks consisting of 
mica-schists, phylUtes, manganiferous rocks of the gondite type, 
dolomitio and caldtio marbles, and carbonaceous phyllites and 
quartzites. This zone forms the southern border of the Qangpur 
anticlinorinm and stretches almost continuously from near Jaraikela 
(22° 18' : 85° 7') to Bamra (22° 3' : 84° 17'), one to three miles 
north of the Bengal-Nagpur Bailway track connecting the above 
two stations. Some outiying outcrops belonging to the same zone 
occur near Eolpotka (22° 22' : 85° 6') on the east, and at Bijadih. 
(22° 4' : 84° 15') and Amasranga (22° 1' : 84° 11') on the west. 
This has a general E.-W. st^e which varies at either end. to- 
E. N. S.-W. S. W., and a dip of 75° to 90° towards the south. 

^ Paper read before the Geology Section of the Twentieth Seaeion of the Indiank 
Soienoe Gongreae, Patna» (1033). 
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In this region other conglomerate zones occur in association 
-with masses of quartzite forming the Gamburu-Durgapata ridge in 
the south-eastern comer of sheet of 73 B/S. E., and in the Bhaisa- 
munda pahar (22° 2' : 84° 46'), a few miles to the west of the former. 
These are believed to be members of the Iron-ore smes. The dip 
is &irly steep towards the north and the strike the same as that 
of the first zone, i.e., nearly E.-W. 

In the Jubbulpore district of the Central Provinces, conglom- 
erates occur in the area to the east and E. S. E. of Sleemanabad 
(23° 38' : 80° 15'). The main formations here are dolomitic marbles 
and mica-schists in which a few bands of conglomerate are found. 
These bands vary in thickness from a few feet to about a hundred 
feet. The two thickest ones are situated one mile south of Bhitri- 
garh (23° 37' : 80° 25') and a quarter of a mile north of Ghunsa 
(23° 35' : 80° 21'), respectively. Other thiimer beds are found near 
Mehgawan (23° 39' : 80° 22'), Dur^ti Hparia (23° 38' : 80° 24'), 
Bhadanpur (23° 34' : 80° 22') and Sahdar (23° 34' : 80° 23'). 

The formations in the Jubbulpore area were originally condd- 
ered as belonging to the Bijawars^ by C. A. Hacket, but sub- 
sequent examination by Dr. L. L. Fermor led to their inclusion in 
the Dharwars.^ In addition to their approximate identity in age, 
there is a great deal of similarity in the lithology of the rocks in 
Jubbulpore and Gangpur. But, as is common with rocks of Fre- 
Cambrian age occurring in widely separated areas, a direct correl- 
ation connot be nxade with any degree of certainty. 


Description of the Conglomerates. 

The general mass of rook in the main band in the Gangpur area 
is a medium-grained, micaceous quartz-schist with quartz and sub- 
ordinate muscovite as the chief constituents. Wbm. followed 
nlcmg the strike, the conglomerate bed shows some varia^n in 
thickness and sometimes grades into gtitiy^ schists. The typical 
rook shows a number of flattened pebbles in a mass c<mtist^ of 
finegrained, highly quartzose, micaceous schist. The boundaries 
of tile pebbles are generally clean and marked by films of musco- 
vite. The pebbles are flat ellipscndti in shape, ^e fiat laces lying 
on the shear-plane and sianetimM showmg slickmisideB. 

t Hukst’s munuwript rraorts tot the aeaaoM 1868-70 and 1870-71. 

* JUem. Otci. 8urv. Ind., XXXVII, p. 806, (1909). 
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Tyfie A. 

Specimens belonging to this l^pe are best tenned gritty quartz* 
spbists containing no pebbles of comparatively large size. They 
form a transition between quartz-schists on the one hand and 
conglomerates on the other. They show a schistose structure 
(Plate 28, fig. 1) and medium to coarse texture. A small quantity 
of muscovite is interspersed among the grains, and sometimes films 
of this mineral show slickensides as evidence of shear {e.g., speci- 
mens 38-69, 38-147, 38-166,i etc.). 

Under the microscope the quartz grains are seen to be of various 
sizes, with a distinct tendency to parallebsm of arrangement. Some 
are quite rounded, while others arc sub-angnlar or angular. The 
larger grains are surrounded by finer ones and all generally show 
undulatory ^extinction. 

Type B 1. 

Under this typo are included conglomerates and crush breccias 
of the Gangpur region. All of them arc predominantly quartz- 
conglomerates, the pebbles being made up of quartzite, micaceous 
quartz-schist, translucent vitreous quartz and fine-grained biotite- 
Bchist in the order of diminishing abundance. Occasionally, tourm- 
aline-quartz-rock is also found as pebbles (40-86). 

The type illustrated by specimen 43-207, which was collected 
firom the foot of the hill on the Smghbhum-Gangpur boundary near 
Baliam (22® 8' : 85® 1'), is properly called a crush breccia. It is 
variegated in appearance, the groundmass being dark greenish 
grey and the pebbles white to grey. The groundmass contains 
chlorite, sericitic matter, some biotitc and magnetite (Plato 28, fig. 2). 
The pebbles are of translucent quartz, white to pinkish quartate 
and banded blue-grey quartzite. Specimen 37-949, from the hill 
one mile north of Bisra (22® 15' : 85® O'), resembles the above but 
is somewhat more sheared. The groundmass contains a little 
tourmaline in addition to the minerals seen in the other specimen. 
Another specimen (44-170) collected from near Kustun(lih (22® 1' : 
84® 46') is rather less crushed than the two mentioned above. 

Type B 2. 

Under this may be included all the other occurrences of con- 
glomerate in the Gangpur region, as practically aU of them show 

Ntunben sach as 38-69 refer to the registered speoimeiis in the rock coUeotions of 
the Geologioal Sdrrey of India. 


I 
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the effect of intense shear. Specimens broken across the schistosity 
reveal long, lenticular, inter-digitating pebbles, cemented by quartzose 
and micaceons material. The pebbles are of saccharoidal quartzite, 
muscovitio quartz-schist, biotite-quartz-schist and occasionally even 
phyllite (37*948; Plate 28, fig. 3). Occasional pebbles of granite 
(Plate 28, fig. 4) were noted in the exposures near Kolpotka (37*888 
and 37*889), and of tourmaline-quartz-rock in the Mahabir pahar 
(22° 8' : 84° 21'). In a few cases, there is little or no difference 
between the nature of some of the pebbles and that of the ground- 
mass [ 40*94 from near Salebira (22° 6' : 84° 13'), and 40*150 from 
the ridge just to the north of Bhaisamunda pahar], so that these 
pebbles are undoubtedly of autoclastic origin. 

In the Jubbulpore area, the occurrences can conveniently be 
classified into three types of conglomerate and one of breccia. 


Type C 1. 

The ridges near Bhitrigarh, Ghunsa and Durghati Piparia all 
consist of conglomerates containing large pebbles of quartzite, which 
sometimes attain po a length of about twelve inches. The average 
size is, however, between three and six inches. Specimen 44*41 
(Plato 26, fig. 1) is a good example of this, collected from a quarry 
near Durghati Piparia. The pebbles in this are well rounded, 
apparently by the action of water. Their surfaces are generally 
smooth and dean. The groimdmass is composed of fine-grained 
quartz with a little sericitc and f^uginous matter and occasional 
small cubes of pyrite. Compared with the others, this type 
seems to have undergone the least amount of crushing. 

Type C 2. 

This b found in some of the smaller ridges, and particularly 
the one near Mehgawan (q>ecimens 44*42, 44*48, 44*49). The 
effect of crushing is evident in the broken-up sub-angular pebbles 
(Plate 26, fig. 2), some of which have been recemented after a little 
differential movement. Secondary veinlets of quartz can be seen 
to run through the groundmass and pebbles uninterruptedly. 
Under the microscope (thin scctious 21933. 21937^), the larger graina 

^ Knmben rach as 21933, etc., itStx to tho rogiatered number of tbe tbfa aeotion in 
the cdBeotiooa of tbo tioologiool Survey of India. 
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of quartz are seeu surrounded by finely granulated matenal ^Platc 29, 
fig. 1), wMcb consists of quartz, chlorite, sericitc and ferruginous 
matter. The pebbles are of quartzite and chaluedonic quartz or 
chert. It is interesting to note that the latter, on weathering, 
become opaque and granular and indistinguishable from quartzite. 


Ty^ G 3. 

The band occurring near Sahdar, which is about twenty feet 
thick, shows sub-.angular pcbldes of quartz and banded hsematite- 
quartzite (Plate 27, fig. 1, spooimen 44*44). The rock is grey in 
colour. Under the microscope (thin section 21935, Plate 29, fig. 2) 
the banded structure of the pebbles is well seen. The iron-ore is 
bright steel-grey in reflected light, granular in texture with a fairly 
marked tendency to develop crystal outlines. It is not magnetite 
since it is not attracted by a magnet. The quartz of these pebbles 
is fine-grained and granular and varies somewhat in size in different 
bands. 


Type D. 

This type, represented by specimen 44’.39 (Plate 27, fig. 2), is a 
breccia forming the main mass of the ridge situated about a third 
of a mile north of the original site of Amehta village (23® 39' : 80° 23'). 
A rest house of the Irrigation Department has recently been built 
on this ridge. The. rock is composed of white quartz, which cements 
the broken fragments and wisps of a dark blue-grey quartz of an 
earlier age. The colour of the latter is seen under the microscope 
to be due to dusty black inclusions (section 21930). 

The dark quartz seems to have been first brecciated, and into 
this the white quartz injected at a later date. The latter, which 
is of the nature of vein-quartz, has been injected more than once, 
as earlier veins are often seen to be intersected by later ones. 


OTHER ANCIENT CONGLOMERATES IN INDIA. 

A huge number of occurrences of conglomerates has been re- 
corded from rocks of similar age in different parts of India, a faiily 
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large proportion of which being from Mysore. The majority, 
including the all the Mysore occurrences, have been assigned to the 
autoclastic group. 

Bruce ■ Foote' has described several conglomerates and boulder 
beds in the Lower Transitions of the Bellary district, Madras. 
They have all been regarded by him, presumably, as sedimentary. 
Dr. L. L. Fermor® has observed a conglomeratic grit imdCTlying 
the manganese>orc band at Ukua and Balaghat in the Central 
Provinces. It is regarded as a metamorphosed conglomeratic grit, • 
containing pebbles of white quartz, granite and gneiss set in a 
matrix which resembles mica-gneiss in general composition. Mr. 
J. M. Maclaren®, working in the Tungabhadra region in Southern 
India, came across some boulder beds and conglomerates in which 
the pebbles and boulders of granite, aplitc, quartz-porphyry, quart- 
zite and banded jasperoid quartz arc found embedded in a schistose 
felspathic matrix with some chloritic matter. These have been 
classified by him imder sedimentary rocks. Some conglomerates of 
the AravalU system, described by Dr. A. M. Heron®, and considered 
by him as of sedimentary origin, occur at Bewasa in Rajputana 
and contain pebbles of white quartz, pale and dark grey quartzite, 
white grit and mica-schist, in a matrix of biotite and chlorite and 
euhedral grains of magnetite. The pebbles are flattened along the 
foliation planes. Dr. J. A. Dunn® has recently ascribed a sedi- 
mentary origin to sheared conglomerates, dmilar to the Oangpur 
ones, occurring in North Singhbhum. He considers them to have 
been deponted during periods of inter-volcanic erosion. 

According to Sir Henry Hayden®, the Lower Haimantas in the 
valley of the lipak river show a crush conglomerate. The quartz 
pebbles found in a matrix of biotite-schist are believed by him to 
represent portions of veins which have been broken up by intense 
crushing. A basic dyke in the neighbourhood is also said to have 
been similarly convert^ into strings of pebbles. These occurrences 
have, therefore, been regarded as truly autoclastic. 

Several occurrences of conglomerate have been reported from 
Mysore. Those which were examined prior to about 1908 were 


M«m. Geot. a«rv. Ini., XXV. pt>. 80, 87. 106-107, 140, (1805). 
« Op. dt., xxxvn, Pt. 2, p. 311, (1909). 

• Bee. Oeol. 8urv. Jni., XXXIV. p. 108, (190ft). 

• Mem. Oed. Swn. Ind., XLV, Pt. 1, pp. 17, 22, (1917). 

*Op. ed., LIV, pp. 32-W, (1029). 

*Op.eU, XXXVI. Pt. 1, pp. 11-12, (1912). 
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described as sedimentary, but since then, under Dr. W. F. Smeoth’s 
inspiration, all of them have been one by one transferred to the 
autoclastio group. Those found later have all been described as 
autoclastic. Mr. C. S. Middlcmiss^ has remarked on the vigour 
and mianimity with which the autoclastic origin has been advocated 
and adopted, and on the unacceptability of these conclusions at 
least in their entirety. Ho has also pointed out that Dr. Sibecth 
himself was apparently getting rather tired of the ‘ hornet’s nest ’ 
of autoclastio oonglomerates which he had raised.^ Among these, 
particular mention may be made of the Kaldurga conglomerate. 
Bruce Foote® thought that they were clastic. Mr. H. K. Slater* 
left their origin as doubtful, bnt Dr. Smeeth® gave a decisive opinion, 
favouring the autoclastic origin, wliich was later confirmed by Mr. 
P. Sanjpat Iyengar® as the result of a very detailed study. In 
his annual report for tbe year 1909-10, Dr. Smecth^ describes 
briefly the Mallapanhalli, the Gudad-Bangavanhalli (G. B.) formation, 
the Aimangala and the Kolar conglomerates, to all of which he 
assigns an autoclastic origin. Other rocks of the same nature 
have been studied by Messrs. H. K. Slater®, P. Sampat Iyengar®, 
B. Jayaram^®, A. M. Sen^i, and B. Balaji Rao^® in different parts 
of Mysore. 


DISCUSSION AND CONCLUSION. 

The criteria for distinguishing autoclastic from crush conglom- 
erates of sedimentary origin are generally difBicult of application 
in the field where highly folded and metamorphosed sediments are 
concerned. Crush conglomerates generally occur at the junction 
of dissimilar rocks — dissimilar particularly in their physical charact- 
ers, such as hardness and plasticity under stress. The harder 
rock is broken up into fragments, while the softer is milled and 


1 Pioddential addrew to the Geology Section, Fourth Indian Science Congress, 
Bangalore. Proe. As. Soe. Bengal, N. S. XIII, p. exeri, (1917). 
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• Bee. Mya. QetH. Deyt., VII, Pt. 2, pp. 1-4, (1006). 

• Op. eft., XrV, p. 26, (1916). 

• Op. eft., XV, Pt. 2, w. 107-116, (1916). 

» Op. dt., XI, pp. 1-67, (1910). 

• Op. eft., Xn, Pt. 2, 26-29, (1912). 

• Op. eit., xn, Pt. 2, pp. 64-66. (1912). 

>• Op. eft., XIV, pp. 93-94, (1016). 

» Op. eft., XIV, pp. 160-162, (1016). 

*• Op. eit., XXV, p. 88, (1026). 
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foliated and forma the matrix in which the fragments of the former 
get lodged. Under the intense crushing and shearing to whieh 
the ancient rocks have generally been subjected, the original depos- 
itional struotures, if present, would obviously have been more or less 
obliterated. If the pebbles can be proved to have been contrib' 
uted by rocks of later ago than the matrix in which they are found, 
the rock must evidently be a pseudo-conglomerate. The presence 
of igneous rooks of an age later than that of the matrix is useful 
in this connection, particularly if uncrushed bands of these lie con- 
tiguously with the crushed portion. This is exemplified in the 
case of the Spiti and the Kalduiga rocks which have been referred 
to above. 

In the conglomerates dealt with in the present paper, the Dur- 
ghati Fiparia rock (C 1) seems to the writer to be an undoubted 
sedimentary conglomerate. Among the occurrences described, this 
shows the least amount of crushing. At other places along the 
same band, more crashed portions can bo seen. The occurrence 
at Sahdar (C 3) shows semi-angular pebbles of iron-ore-quartzite. 
There are no rocks of this nature in the immediate neighbourhood. 
It seems reasonable to think that the fragments have been trans- 
ported by water from their original source, wherever it might have 
been. Leaving aside type D, which is of the nature of an igneous 
breccia, the other rocks in the Jubbulpore area show progressive 
stages in crushing. 

In the Gangpur area, the pebbles of the conglomerate are foimd 
to bo of varied nature — ^biotite-schist, quartzite, tourmaline-quartz- 
rock, and rarely granite. In the field, the conglomerates have 
the appearance of those due to epiclostic origin. No example 
has been foimd in which an uncrushed vein or band passes into a 
string of pebbles in the conglomerate. In a few cases, however, 
as in the minor lenticular bands amidst the quartzites of the Gam- 
buru-Durgapata ridge, the conglomerates may be autoclastio, as 
the pebbles in some cases are seen to be identical in composition 
with the matrix. 

From this study it is concluded that practically all the oases 
represent conglomerates of original sedimentary origin. In places, 
the sedunentary characters have been obscured by intoise crushing 
and shearing. The breccia at Amehta is of a special type, while 
a few minor occurrences in the south-east of Gangpur seem to be 
autoclastao. 
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EXPLANATION OF PLATES. 

Plate 2G, Fio. 1. — Conglomerate with iargo rounded pebbles, Durgbati Piparia, 
JubbulpoTC. Specimen 44*41. Negative 4370. 

Fio. 2.— -Conglomerate with sub-angular pebbles, Bhitrigarh, Jubbul- 
pore. Specimen 44*42. Negative 4372. 

Plate 27, Fig. 1. — Conglomerate with pebbles of dark, banded iron-ore-^quart- 
zite, Sahdar, Jubbulporc. Specimen 44*44. Negative 4373. 
Fig. 2. — Brecciated dark quai*tzite cemented by white quartz, ridge 
near Amelita, Jubbulpore. Specimen 44*39. Negative 4371. 
Plate 28, Fig. 1. — Schistose conglomerate. Parallelism of muscovite flakes. 

Crossed nicois. x 25. Section 19995. Negative 1787. 

Fig. 2, — Showing coarser qiiailz surrounded by finer granulated quartz. 

Crossed nicols. X 25. Section 21389. Negative 1790. 

Fig. 3. — Showing patches of phyllitc. Crossed nicols. X26. Sect- 
ion 19838. Negative 1785. 

' Fig. 4. — Showing patches of phyllite and a granite pebble with plagio- 
clase. Crossed nicols. X25. Section 19902. Negative 
1786. 

Plate 29, Fig. 1. — Coarse pebble with a vein of quartz surrounded by finely 
granulated quartz. Crossed nicols. X25. Section 21933. 
Negative 1782. 

Fig. 2. — SJiowing pebble of banded iron-orc-ciuartzite. Crossed nicols. 
X25. Section 21935. Negative 1784. 
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L— Fig. h-^Produciua (Marginijera) cf. kweichowensis^ Huang, x 2. 
Htam Sang. 

Fio. 2,--‘Avlodege8 cf. iibeticua, Dicncr. Interior of braehial valve. 

X 2|. Near 24th milestone on Taung>gyi-M5ng Pawn 
road. 

Fig. 3 . — Producius (Marginifera) bivius^ sp. nov. Pcdiclo-valve. 

X 1}. Near 24th milestone on Taung-gyi-Mdng Pawn 
road. 

^ Fig. 3a. — Productua (Marginifera) biviua, sp. nov. Posterior view 
of same specimen. X 1}. 

Fra. 36. — Produeiua {Marginifera) bivius, sp. nov. Portion of 
surface of shell of same specimen. X 4. 

FlO. 4. — Sguamularia duplex, sp. nov. Complete specimen. 

Brachial valve view. X 2. Htam Sang. 

Fig. Aa.-- Sqttamularia duplex, sp. nov. Coniploto spedmon. 

Pcdiclo-valve view of same specimen. X 2. 

Fig. iHK—Squamularia duplex, sp. nov. Complete speoiinon. Side 
view of same specimen. X 2. 

Fig. 4r. — Squamularia duplex, sp. nov. Complete spccinicn. 

Anterior marginal view of same specimen. X 2. 

Fig. 4d. — Squamularia duplex, sp. iiov. Complete specimen. 

Portion of suiiace of same specimen. X 12. 

Fig. 6. — NcMhyria peraimilia, sp. nov. Complete specimen. 

Brachial valve view. X 2^. Htam Sang. 

Fig. 5a. — Notolhgria peraimilia, sp. nov. Complete specimen. 

Side view of same specimen. X 2^. 

Flo. 56, — Notothijria peraimilia, sp. nov. Complete spocimerw 

Pedicle-valve view of same specimen. X 2^. 

Fig. 5c. — Nctothyria peraimilia, sp. nov. Complete specimen. 

Anterior marginal view of same specimen. X 2j. 

Fig. 6d. — Nctothyria peraimilia, sp. nov. Complete specimen. 

Portion of surface of shell of same specimen. X 10. 
Fig. 6. — Spirigerella praelonga, Waagen, var. nov. ahanenaia. 

Complete specimen. Side view. x2. Htam Sang. 
Fio. 6a. — Spirigerella praelonga, Waagen, var. nov. ahanenaia. 

Complete specimen. Anterior marginal view of same 
specimen. X 2. 

Fig. 66, — Spirigerella praelonga, Waagen, var. nov. ahanenaia. 

Complete specimen. Pedicle-valve view of same speci* 
men. X 2. 
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99 


99 


99 


99 
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l•— Flo. 6c. — Spirigerdla praehnga, Waagen, var. nov. shanensis. 

Complete specimen. Brachial valve view of same 
specimen. X 2. 

Fig. W. — Spirigerella praehrtga, Waagen, var. nov. sltanenHs. 

Complete specimen. Portion of surface of shell of 
same specimen. X S. 

Fio. 7. — liipinfertm (Spiriferellim) shamtisis, sp. nov. Complete 
specimen. Brachial valve view, x 2J. Htam Sang. 

Fjo. la.—8piriferina (SpiriferclUna) shanensia, sp. nov. Complete 
specimen. Pedicle*valvc view of same specimen. X 2J. 

Fig. lh,—8piriferina (Spiriferdlina) shaneima, sp. nov. Complete 
specimen. Anterior marginal view of same specimen. 
X 2J. 

.Fig. 7c. — 8piriferim (Spiriferellina) shanc»aia, sp. nov. Complete 
specimen. Side view of same specimen. X 21. 

Fig. 8. — Spiriferina {Belmilariina) comjttmla, sp. nov. Brachial 
valve view. X 2i. Htam Sang. 

Fio. 0. — SpiriJeTina {Reliculariina) evn^fuisUa, sp. nov. Another 
speoimen. Brachial valve. X Htum Sang (A. 
634). 


PLATE 2. — Fio. 1. — Fenestella mtdtiiiofluloaay sp. nov. Poi-tioa of zoaiium 

X 16. Htam Sang. (A. 534). 

„ Fig. » la . — Fenestella mtdtinoduhsa, sp. nov. Zoarium of same spec- 

imen. X 3. 

Fig. 2^’-’Fenestella gemmeUa, sp. nov. Portion of zoarium. X 12. 
Htam Sang. 

„ Fig. 3. — Hliald&meson shanense, sp. nov. Portion of stem. X 12, 
Htam Sang. 

„ Fig. 4,—FisluHpora sermia, sj). nov. Portion of surface of zoaiium. 
X It). Htam Sang. 

„ Fig. 4a,—Fistulipora servata, sp. nov. Zoarium of same specimen, 
nat. size. 

„ Fig. 5. — Polypora discreta, sp. nov. Zoarium showing dissep- 

iments. X 2. Htam Sang. 

„ Fig. 5a, — Polypora discreta, sp. nov. Another part of same zoarium 

without dissepiments. X 2. 

„ Fio. 65 . — Polypora diacreta, sp. nov. Portion of branches of same 

specimen. X 10. 

,, Fig. C . — Alichdinia dieneri, sp. nov. Complete coralium. X 2. 

Htam Sai^. 

„ Fig. Go . — Mkhdinia dieneri, sp. nov. Portion of same coralium. 

X 6. 

. „ Fio. 7. — 8trd)lotrypa hasaUri, sp. nov. Portion of stem, x 15. 

Near 24th milestone on road from Taung-gyi to Moug 
Pawn. 

,, PiQ. 8 . — StrMotrypa basderi, sp. nov. Portion of another stem. 
X 20. Htam Sang. 
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PLATE 9. — Rhombopora circumcinda, sp. nov, Zoarium. X 2. Htam 

Sang. (A. 634). 

5 , Fig. 9g . — Rhomhopora circumcinda, sp. nov. Portion of same epee* 
imen. X 12. 

„ Fig. 10. — Rhombopora circmncincta^ sp. nov. Portion of another 
specimen. X 20. Htam Sang. 

„ Fig. 11. — Polypora koninckiana^ Waagen and Picbl, var. nov. 

postera. Zoarium. X IJ. Htam Sang. 

Fig. Her . — Polypora koninckiam, Waagen and Kch], var. nov. 
posiera. Portion of same specimen. X 6. 

„ Fig. 12. — Rhombopora virgula^ sp. nov. Portion of stem, x 15. 

Htam iSang. 

„ Fig. 13. — Rhdbdorneson submurtilCi sp. nov. Portion of stem. X 15. 

Near 24th milestone on rood from Taung-gyi to Mdng 
Pawn. 

Fig. 14.— Slrehlofrypa hirmatiim, sp. nov. Portion of stem, x 15. 
Htam Sang. (A. 534). 

' Fig. \^.Strophah^ia sp. Brachial valve. X 2. Htam Sang. 

PLATE 3.- Fio. J.— Close view showing the characteristic piittern of the 

phacoidal limestones intcr]}cddcd with mudstones at 
Loilem. 

„ Fig. 2. — Panoramic view of the Silurian deposits at Loilem, with 

limestones full of pot-holes in the background. 

PLATE 4. ■ - Calcareous growths in the Htam Sang caves. 

PLATE 3.- Gc< logical sketch map of the country traveracd by the main road 
l*otwccn Taiinggyi and the Salween river, Southern Shan States. 
Scale 1 inch =16 miles. 


PLATE 6.— Thrust-plane in the Coal Measures. 

PLATE 7.— Fig. 1. — * Kain pillar * weathering of the lacustrine deposits near 

Aungban. 

„ Fig. 2. — Lacustrine deposits lying on the ragged edges of the 
Plateau Limestones. 


PLATE 8 . -Fig. 
„ Fig. 


PLATE 9.- Fig. 




Fig. 


L- Travertine dams in the Panlaung chaavy, 

2.— A typical section of the Coal Mcasuics. 

1, — The Taunggyi Crag (Plateau Limestone), with the bunga- 

low of the Commissioner of the Federated Shan 
States in the ioreground (since destroyed by fiie). 

2. — Contorted shales and siltstones of the Mawsdn senes cast 

of Heho. 


PLATE I0.~ Fig. l.~ View of the Taunggyi hills from the Yawnghwo valley. 

„ Jb'iG. 2. — ^A view of the Pindaya beds (in the background). Note 
the topographical difference of the aiTia occupied by 
the Plateau Limestono in the foreground and the 
Pindaya beds in the background. 

PLATE 11.- Geological map of the Kalaw-Taunggyi arei^ Southern Shan States. 
Scale 1 incbss4 miles. 
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flats IX*— Fka. L — Bioiite-graDalite, penetrated by aplite^ near Nawegaon. 

„ Fig. 2. — Biotite-granolite, penetrated by aplite» near Nawegaon. 

FLATS 13.— Fio. 1. — Normal streaky gneiss (specimen No. 42*960b Dhoria 

nala. 

,, Fio. 2. — Boitite-granulitc, penetrated by aplite, near Nawegaon. 

FLATS 14.— Fia. 1. — Biotite-gi^aiiulite, intimately penetrated by aplite, Tundia 

nala. 

,9 Fig. 2. — Same as fig. near view from above. 

PLATS 15. — ^Fig. 1. — ^Biotite-granulito, intimately penetrated by aplito con- 
taining large phcnocrysts of orthoclase^ Tundia vala. 

y, Fig. 2. — Streaky gneiss^ showing discordant patches, Telia nala. 

PIjATS 14.— Geological map of part of the Raratek tahsil, Nagpur^ district (sheet 
55 0/6). 

PLATS lY.— Kamli Bhar and Giri river, from near Chandni. Height difference, 
4,750 feet. Mandhali, Jaunsar and Krol series. 

PLATS 18.— Guma, 8,098 feet, peak from Kigali Bhar. Syncline of Upper Tal 
quartzites and shales, with vetlioal northern limb. Krol limestones 
on Guma. 

PLATE 19.— Overfold in Krol B stage. View of Mangarh village, with BharaU; 
Sainbar and 6,687 feet hills in distance. 

PLATS 29.— Fig. L — Blaini boulder bed, conffuence of Blaini and Gambhar 

rivers. 

„ Fig. 2. — Boulder of tillite in Blaini boulder bed, Blaini river, one- 
third of a mile £. N. £. of Katiara. 

PLATE 21.— Fig. 1. — Fault zone In Krol A limestones and shales, Giri river, 

three-quarters of a mile north of Badahu. 

„ Fig. 2. — Steeply tilted ripple-marked Jaunsar quartzites, Giri 
river, one mile below Narail. 

PLATS 22.— Beformation of Krol A limestone and shale by flow, a quarter of a 
mile W. S. W. of height 3,278 feet, Nera (Ncwali) nala. 

PLATS 23.— Bark, current-bedded, sandy limestone overlying pale quartzites. 

Upper Tals, Current-bedding concave upwards. Nigali Bhar, 
three-quarters of a mile north-east of Koti Bhaman. 

PLATE 24. — Fig. 1. — Map of chief thrusts and faults. Scale one inch to four miles. 

„ Fig 2.— Sketch map showing the relationship between formations. 
SoaJe one inch to four miles. 

PLATS 23.— Map of Krol Belt, with Sections I- VI. 

PLATE 26.— Fig. 1.— Conglomerate with large rounded pebbles, Burghati 

Fiparia, Jubbulpore. Specimen 44*41. Negative 4370. 

„ Fig. 2. — ^Conglomerate with sub-angular pebbles, Bhitrigarh, 
Jubbulpore. Specimen 44*42. Negative 4372. 

PLATE 2Y. — ^Fzo. 1. — Conglomerate with pebbles of dark banded iron-ore- 

quartzite, Sahdar, Jubbulpore. Specimen 44*44. Neg- 
ative 4373. 

„ Fig. 2. — Brecciated dark quartzito cemented by white quartz, 
ridge near Amehta, Jubbulpore. Specimen 44*39. 
Negative 4371. 



LIST OF vjjirm. vii 

PliATK — Fio. 1. — Schistose conglomerate. Paralk^ism of muscovite flakes. 

Crossed nicols. X 25. Section 19995. Negative 
1787. 

Fig. 2. — Showing coarser quartz surrounded by finer granulated 
quartz. Crossed nicols. X 25. Section 21389. Ncga* 
tive 1790. 

,, Fig. 3. — Showing patches of phyllite. Crossed nicols. X 25. 
Section 19838. Negative 1785. 

„ Fig. 4. — Showing patches of phyllite and granite pebble with 
plagioclase. Crossed nicols. X 25. Section 19902. 
Negative 1786. 

PLATE 29.- Fig. 1. — Coarse pebble with a vein of quartz surrounded by finely 

granulated quartz. Crossed nicols. X 25. Section 
21933. Negative 1782. 

Fig* 2.— Showing pcbblo of banded iron-ore-quartzite. Grossed 
nicols. X 25. Section 21935. Negative 1784. 
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fiVNP.I !NE OF UPPER TAL QUARTZITES AND SHALES, 




Records, Vol. LXVII. PI. 19. 



OVERFOLD IN KROL D STAGE. VIEW OF MANGARH VILLAGE, WITH BHARAN, 8AINBAR, 
AND 6,687 FEET HILLS IN THE DISTANCE. 



GJLOLOaiCAL SVR VK Y OF /NDJA 


Records, Vol. LXVII, PI. 20. 



FIG. 1. BLAINI BOULDER BED, CONFLUENCE OF BLAINI AND GAMBHAR RIVERS. 






Records, Vol. LXYII. PI. 21. 



J. B. Auden, Photos. G. S. I . , Calcutta. 

FIG. 1. FAULT ZONE IN KROL A LIMESTONES AND SHALES, FIG. 2. STEEPLY TILTED RIPPLE-MARKED JAUNSAR 

GIRI RIVER, THREE-QUARTERS OF A MILE QUARTZITES, GIRI RIVER, ONE MILE 

NORTH OF DADAHU. BELOW NARAIL. 




GEOLOGICAL GLJilEY OI EVE/A. 



DEFORMATION OF KROL A LIMESTONE AND SHALE BY FLOW, ONE-QUARTER OF A MILE 
W. S. W. OF HEIGHT 3,278 FEET, NERA (NEWALI) NALA. 




Records 





oc 

^ CO 
(L m 

3 H 
^ oc 
0 ) < 

UJ Z3 
H 0> 

N Jj 
H uJ 

5 ? . 

o»^ 5 

UJ cc 5 
-I <c $ 

£gS 

^ < o 

5 3 ^ 

o: Z Ur 
UJ O 

Ogfe 

Z 5 

5|£ 

3 § 

S UJ z 

-■Suj 

O Z s 

z o * 
< o < 

a li- 

d S o 

UJ o 

9 ^ 

O UI 
UJ cQ 

Ss 

Z UJ 
UJ cc 

oc cc 
oc 3 
o o 
. o 

I ^ 

? 5 

sT Q 


CQ 

s 




Litho^Q^ S» I,, Cihutti, 





Vol. LXVII, PI. 25 






GEOLOGICAL SURVEY OF INDIA. 
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FIG. 1. CONGLOMERATE WITH URGE ROUNDED PEBBLES, 
DURGHATI PIPARIA, JUBBULPORE. 



G. S. /., Caltutia. 


P, A. DutU Photos, 


FIG. 2. CONGLOMERATE WITH BUB-ANGUUR PEBBLES, 






FIG. 1. CONGLOMERATE WITH PEBBLES OF DARK, BANDED 
IRON-ORE-QUARTZITE, SAHDAR, JUBBULPORE. 



P. Dutty Photos. G, S. Calctitta. 

FIG. 2. BRECCIATED DARK QUARTZITE, CEMENTED BY WHITE QUARTZ, 



GEOLOGICAL SVRVEY OF INDIA. 
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M. S. A'n’s/iiiaii &■’ L Dull, Photomuros. 

FIG. 3. SHOWING PMCHES OF PHYLLITE. 


G. S. /., Calcutta. 

FIG. 4. SHOWING PATCHES OF PHYLLITE AND A 
PEBBLE OF GRANITE WITH PLAGIOCLASE, 

Crossed nicols ( X 21 ). 


Crossed nicols ( X 21 ). 
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FIG. 1. SHOWING A COARSE PEBBLE, VEINS AND FINELY GRANULATED MATRIX, ALL OF QUARTZ. 

Crossed tiicols ( X 25). 



M. S. Krishnan P. L. Dull, Pkalomicrts. G. S. /., CalcuUa. 

rif. n eunuiiun d*pt nc A HARtf RiNHFn IRnN.ORF.OUARTZITE PEBBLE. 



Vou X, 18771 

0j Ammal report for 1876. Qeologicai notes on Greet Indian Desert between 
6in6 and Raj^tana, Cretaceous gwns Omphalia near Nameho lake, Tibet, about 76 
inik^E north of Xhassa. Esiheiia in Gondwana formatioii. Vortebrata from Indian tertiary 
and seoondajiy rocks. New Emydine from the nppcr toniarios of Northern Punjabi 
Observations on under-ground temperature. 

Pm 2 (oaf prt9if}.-^Books of the X^wer Godavari, * Atgaih Sandstonds* near Cuttack, 
Foadl floras in India. New or rare mammals from the Siwaliks, Aravali soncv in North* 
Eastern Bajpntana. Borings for co.il in India. Geology of fndia. 

Pari S {mt oj pnnt).--Tertiary scone and underlying rocks in North-West. J'unjab. Fossil floras 
in India. Erratics in rotwar. Coal explorations in Darjiling d^trict. Limestones in 
neighbourhood of Bamkar. Forms of blowing machine uac<] by smitlis of Dpper Assam* 
Analyses of Kaniganj coals. 

Pari i (out ^ jDristj.— Geolcjvy of Mahanadi basin and its vicinity. Diamonds, goUl, and lead 
ores of ^mbaipiir district, ‘ Eryon Comp, Karrovensis Mc(V)y, from 8riporin«itur group 
near Madras. Fossil floras in India. The BJaini group and ‘‘ Central Gnons * in Stnia, 
Himalayas. Tcitiarios of North-Wost Punjab. Genera Ohoeromeryx and dlliagathenom. 

VoL. XI, 1878. 

PaH 2 , — ^Annual report for 1877. Geology of Upper Godavari basin, between river Wardha 
and Godavari, near Sironcha. Geol<^ of Kashmir, Kisbtwar, and Pangi. iSiwaiik mam< 
mals. raleeontological relations of Gondwana system. * Erratics in Punjab.’ 

Part 2 (otU of print).— Geology of Sind (second notice). Origin of Kumann lakes. Trip over 
MUam Pass, Kumaun. Mud volcanoes of Kamri and Okedoba. Mineral rosourcos of 
Bamrl, Cheduba and adjacent islands. 

Fart 2 (ovt of pnni ), — Gold industry in Wynaad. Upper Gondwana series in Tiichinopoly and 
Nellote-Kistna districts. Senarmontito from liarawak. 

Pari ^.—Geographical distribution of fossil organisms in India. iSubmerged forest on Bombay 
Island. 

Vou XII, 1878. 

Part i.— Annual report for 1878. Geology of Kashmir (tliiid notice). Hivvalik mammalia, 
Siwalik beds. Tour through Hangrang and Bpiti. Mud eruption in Kanirj Jsltuirl (Arakan), 
Braouite, with Khodonite, from Nagpur, Central IVivinces. Paltt^ontologica) notes from 
Satpum coal-basin. Coal iinportaiions into India. 

Part 2 (out of jw-inf).— Mohpaiii coal-field. Fyrolusito with Psilomolane at GoH;ilpur, Jabalpur 
district. Goologkal reoonnaissanco froin Indus ot Kushalgarh to Kurram at Thul on 
Afghan frontier. Geology of Upper Punjab. 

Part 3 (out of pttnt ), — Geological features of northern Maduia, Padukuta State, aud southern 
parts of lanjoie and Trichinopoly districts iuoioded within limits of sheet 80 of Indian 
Atlas. Cretaceous fossils from Trichinopoly district, collooied in 1877-78. Sphenophyllum 
and other Equisetacees with reference to Indian form Trizygia Speciosa, Jioylo ^Bph'mo- 
phyllum Trizygia, Ung,). Mysorin and Ataoamito from Ncllore district. Coninauia 
from Kbasi Hil&. doga neighl^orhood and obi nunes on Norbadda. 

Part 4 , — *Attock Slates* and their probable geological position. Marginal bone of uude* 
scribed tortoise, from Upper Bibiks, near Nda, in Potwar, Punjab. Geology of North 
Arcot district. Boad section foom Muzree to Abbottabad. 

VoL. Xlll, 1880. 

Part i.— Annual tepoit for 1879. Geolosy of Upper Godavari basin in neiglibouiiiood ot 
Sironcha. Gemgy of Ladak and neignbourisg districts. Teeth of fossil Ashes from Kamri 
Tflland and PumaD. Fossil genera Ndggeratbia, Stbg., Ndggerathiopsis, Fstm., and Khipto* 
ciunitee, Sohmw., in paJiew^o and secemdary rooks of Europe, Asia ami Australia. Fossi) 
plants tcom Katty war, Bhckh Budin, and tiirgujah. Volcanic foci of eruption in Konkaiu 

Port 8,— Geologicai notes. Paltentolodoal notes on lower tries of Himalayas. Artesian wells 
at PondhAeity, and possibUity of finding sources of water-supply at ifiUras. 

Patti 6,^K.umautt Iskes. Celt of palmiithio typo in Punjab, rassontologioal notes from 
Karharbari and South Bewa odal-fleldB. Correlation of Gondwana flora with other floras. 
Artesian at Pondiohiittiy, Salt in Bajputana. Gas and mud erapthms on Axakan 
coast cm Iflfh March 1879 m in June 1843. 

Patti 4 {au4 qf «riiili)v-^PlfllsioeBne deposits of Northern Punjab, and evidence they affoed of 
exteam cluaate durihg pewttou of that period. Usitful mise^ of ArvaiU mglon. Oomla« 
tioitt of Qondvrana flom with that of AusteaUan oosl-beariiHf syatem. Bah or aUM Sofia 
and saline well watera. Heh s^ of Uppmr India* Na^ Tal la»driip» 18th Sentembaf 
18881* 
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VoL. XIV, 1881. 

Po/fi i.-^Annna) report for 1880. Geology of part of Dardistan, Baltiatajo, aad 

districta. Siwalik carniTora. BiwalSc group of dub-Himalayaa region* South mam 
Gondwana badn. Ferrugiuoua beda amdated with basaliio rocka of north-eaateni Ulator* 
in lelaiion to Indian latenta. Bajmahal idanta. levelled blocks of the Piiii|ab. Ap]^v 
dixto * Paleontological notes on lower triaa cd Himalayas Mammalian fosslla teem 
Island. _ , 

Part 2 (nui o/ prinf).-— Nahan-SiwaUk unconformity in North- Weatem Himalaya. Gondwana 
vertebrates. Ossiferoua beds of Hundee in Tibet. Mining records and mioinn 
office of Great Britain $ and Coal and Metalliferoua Mines Act of 1872 (J^land). Cobaltm 
and danatite from Khetri mines, Eajputana; with remarks on Jaiporlte (S^poonte) 
Zino-ore (Smitliaonite and Blende) with barytes in Kamiil districts^ Madras. Had eruption 
in island of Chedaba. ^ ^ , 

PaH3 (oui Artesian borings in India. Oligoolaae granite at Wangtu on Sutlej, Norw 

West Himalayas. Fish-plate from Siwaliks. Paiseontological notes from Hazaribagn 
and liOhardagga districts. Fossil carnirora from tSlwalik hills. 

Pori i (owl o/ print )^ — Unification of geological noinonoiature and cartography. Gwlogy of 
Aravali regioo, central and eastern. ITative antimony obtained at Pulo Obi^ near 
Singapore, Tu^te from Juggispett, Kistnah District, and zinc carbonate from K^ul, 
Ma&as. Section from Dalhouaie to Pangi, eid Sach Pass. South Bewah Gondwana basin* 
Submerged forest on Bombay Island. 


VoL. XV, 1882. 

Part I (ouf fl/prirU ), — ^Annual report for 1881. Geology of North-West Kashmir and Khagan. 
Gondwana iab^Tinthodonts (Siwaltk and Jauma mammals). Geology of DsJhouaio, North- 
West Himalaya. Palm leaves from (tertiary) Murree and KasauU beds in India. Iridos- 
mine from Noa-Jiihing river, l^per Assam, and Platinum from Ohutia Nagpur. On (I) 
copper mine near Vongri hill, Darjiling district : (2) arsenical pyrites in same neighbour* 
hood; (3) kaolin at Darjiling. Analyses of coal and fire-clay from Makum coal-field. 
Upper Assam. Experiments on coal of Find Dadun Khan, Smt-raoge, with reference to 
production of gas, made April 20th, 1881, International Congress of Bologna. 

Part 2 {out of prinl).<-*Geology of Travancore State. WarkilH beds and reported associaM 
deposits at Quilon, in Travancore. Siwahk and Narbada fossils. Coal-bearing risks' of 
Upper Her and Mand rivers in Western Ohutia Nagpur. Pench river coal-field in Chhind- 
wara district. Central Provinces. Bormg for coal at Engsein, British Burma. Sapphires 
in North-Western Himalaya. Eruption of mud volcanoes in Oheduba. 

Parlc1(o«lo/prinl).«<*-Coal of Mach (Much) in Bolan Pass, and of Sharigh on Hamal route 
between Sibi and Qneita. Crystals of stilbite from Western Ghats, Bombay. Traps of 
Darang and Mandi in North-Western Himalayas. Connexion between Hazara and 
Kariimlr series. Umaria coal-field (South Bewan Gondwana basin). Daranggiri coal-field, 
Qaio HilH Assam, Coal in Myanoung division, Henzada district. 

Pari 4 (out ^ J>riiil).-^oal-fi 0 lds of Mysore. Borkgs for coal at Bed^ladanol, Godavari district, 
in 1874. Supposed occurrence of coal on Kistna. 


VoL. XVI, 1883. 

Part i.-rAnnual report for 1882. Bichthofenia, Kays. (Anomia Lawxenciaua, Koninok), 
Geology of South Travancore. Geology of Cfaamha. Basalts of Bombay. 

Part 2 (out of prwl).--Synoj^ of foanl vertebrata of India. Bijori Labyrinthodont Skull 
of Hipp^erium aotiloj^am. Iron ores, and subsidiary materials for manufacture of 
iron, in north-eastern i^rt of Jabalpur district. Laterite and other manganese-oie ooeur* 
ring at Gosulpore, Jabalpur district. Umaria coal-field. 

rart 9 (oul of y»fl9tl).-^Microaoopio etmetme of some Dalhousie rocks. Jjaraa of Aden, Pro* 
bame ocounmiGe of Siwalik strata in China and Japan. MbstodOO anguotidsns in India, 
Trt verse between Almora and MussooTTee. Cketaceous coabmeasum at Borsorain Khasia 
HiOs, near Laour in Sylhet, 

Part i {out tf prtni),-*-PaIstontoilogic4! notes from Daltong^ and Hutar coal-fields in Ghota 
Nagpur, AHeteil basalts of Ditboiisle xegioti in Nortb-Westem Hfmtiayas. Micaosoopfo 
struetrure d some 6ab-Himalayaa rooks of tertiezy age. Geology of Jaunsar and Lower 
Himidtiyas, Traverse through Eastern Khasia, Jainw, and North Owhar Bffils, NaMws 
lead from Maulmsin and chromite from the Andaman Mauds, tfm erui^km from one 
of the mud volcanoes pf Cheduba Maud, Aimfcan, Irrigation from ww in Vorth-Wertsfii 
. Provinces and Ondh. 
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Part Annual report for 1883, Smooth-water anchorages or 

Nanakal and .AUeppy pnTravaueoie ooast, Billa Surgam and other wes in Ktfow 
district. Geology of Cftmaxi and. Sihnnta pargHnas of Chamba. Lyttoma, vvaagen* 
in Knthsff s^riiiSii of Kasbxnir, « •*, 

Part £ (piiT# yrtiil)^Bartliq(i,k!B of Slat December 1881. Mioroecopic gtrootm e of ao nw 
Hin^yan granites and gneissose granites. Choi 

foss0fl in SivaJik beds. Mineral resouiees of Andaman Islands in neighbonrhood of row 
BlMri Intertrappean beds in D^can and Laramie grottp in Western North Ainenw. 

Part S (out of i»r»nl).— Mioroaoopfo atmotnre of some Arav^ 

Peahamc Valley to Salt-raMO. Sitee for baring in Eeigarb-HliiM wal;|^ (fiwt noto^ 

, Ugnite near Kaipore, Central Provinoea. Tut^uoSae minea of Niah&pn^ Kbora^. 

• eruption from Minbyin mud vulcano of Chednba Jaland, Aralcan. Langrjn coal'field* 

Weat Ehaaia Hilla, Dmaria coal.fleld. - „ . n i -i mid 

Fart 4 {out of pnni),— Geology of part of Gangasnlan porgana of British , 

schists imb^ded in gneissose granite of North-West Himalayas. Geology w 1 
Suleiman. Smooth-water anohorages of Travanoore oowt. Aurofowus onves. 

Subansiri river, Pondicherry lignite, and phosphatic rocks at .Musuri. Billa Surga 

VoL. XVin, 1886. 

Part 1 (out o/orint).— Annual report for 1884. Country between SngimnicoaUtoldandKJ^ 
river. Cfrological aketch of country between Singareni eoal-fleld and Hydera^. ^ 
and limestone in Doigrung river near Golaghat, Assam. Homotaias, as illustratoa iro 
Indian formations. Afghan field notes. . .r lu r in 

Part 2.--Po8Bilif«ratM eeriea in Lower Himalaya, Oarhwal. Age ^ MandhaU MtiM » 
Lower Himalaya. Siwallk camel (Camelua Antiquus, nobia e* Falc. and Caut. 

Geology of Chamba. ProbabiHty of obtaining water by m^a of 
plains of Upper India. Artesian sources in plains of Upper India, ^ology of 
Alleged tendency of Arakan mud volcanoes to burst into eruption most frequently 
. during leins. Analyses of phosphatic nodules and rook from Mussooroe. 

Part S (Old of print). — Geology of Andaman Islands. Third speoiea of MeryMpotamna. Pe<. 
eolation as affected by current; Pirthala and Chandpur mo^ritoa. Od-w^ t?",!!!?!!; 
in Thayetmyo district, British Burma. Antimony deposits in Maulmain distnot. &a8nmu 
earthquake of 30th May 1886. Bengal earthquake of 14th July 1886. _ 

Part 4 (out of wint).— Geological work in Chhattiegarh division of Cratral 

earthquake of 14th July 1886. Kashmir earthquake of 30th May 1886. Excavations 
in Billa Burgam caves. Nepaulite. Sabetmahot metoorito. 

Vot. XIX, 1886. , ^ ^ 

Part 1 {out of ©rtwi).— Annual report for 1886, International Geologic^ Congrew of Berlin. 
PalseoKoic Fossils in Olive group of Salt-range. Correlation of Jndian and Awtrauan 
Cbal-bearing beds, Afghan and Persian Field-notes, potion from Simla to Wangtu, luid 
petroiogioal character of Ambhibolites and Quartz-Uiorites of Sutlej valley. 

Part 9 {out of pHnf),— Geology of parts of Bellary and Anantapur districts, Qeolo^ 

Dehing basin in Singpho Hills. Microscopic characters of eruption rocks fc^ Central 
Hifnalayaa. of Kamtd Caves. Prospects of finding coal in Western Rajputana* 

Olive group of Salt-range. Boulder-beds of Salt-range. Gondwana 
Part 3 {out of prinf ).—Qeolo5oaraketoh of Visagapatam district, Matos. 

Jeaalmer. Mkroscojpio structure Of Malani rooks of Arvali region. Malanjkhancii copper 
pro in Bal|ighat cli$tnot,.C, P. , . , -d i 

Part 4 (out of ,iKn<).r^Pe(^eum iu In*a. Petroleum exrior^w *t Kh«t^ W 

faibVttia^h oeta-fields. Keld-nata» from AfghwuBtwi : No. 3, TurlustMi. erupts 

fi!0» ^ of fl» mud Tolcunoee of Chedub* IM*nd, Amlmn. ' Nammututhul Miotate. 

' Analyiis of ^oldf dusi from Jfoka valley. Upper Burma. 

• Voi. XX,188f. 

Part 1 (oii of miuti.— report for 1886. Ftold-Aotes from Afghaj^tan t No.-4,^ from 
. ’^“wS CliUi.-^yaicJ^logy.of WertBritiAGarhwalj^^^^ 

ftaveiaed i^ngh Jaui)Mr*B«war and TSri.Qarhwid. Gei^- rf HiDfc : 

tmiago atbuea- -'srduiN^^Bgk-'receiitfy'' taken off' Barren • Itiand and Ifati^e ddnm , < \ 

' \ihuklnhF.of Fhbnhatio Nodr^ from Salt-raMC,. Pa^ab. ; ^ \ 

IW TOrtebnifr:**: J[i^. Eebfwndw of wtacebpa at^ 

. Nd, ‘wbmpiny gOologlorf^Bkeloli : 

' ' iiyte ■ yif^p i Si. | ri-; atruetiuie of: l^idmafml' imd DeqSm " of.- 

-caidfe; ^;.«( 0 dd|pd . 

A -.tbnliib* •.:v ’i’ 


^ ^«--jBgM»eawat eiUt. J. B. llaiUE«toffa Oaotan of Bwriw TwIiMhi* 

Himobwo, Ott^wol, ud S«m»«n» Sooll* 
iw^i . Wtttpor’motaonte, 

rm4 {imt M ill OmiteaB geologic. Oi^ittBiiie and |l«ti«K»plito wote of 

-»B*f otKf Kuffltooii, Bootiott CL Bsan iadikitiv of ««itO|m fiottioa 

of Moor. Notnonl^ipwBittnia. BoibigonlarotiobiafBdwHiwmoool'fldAfSte^ 

BotiM}. Pmmom MotoioMphiut, wtth nfetoBoe to foliittion i^tDiooloyui QosinptB 
Ownita, Papon on HimoIaiyaD Goology and Iftorowopio Petrology.^ 


Pari i.-~ADi 
Oothml 


Vou XXI, 1888. 


— — — ^-1— -u/avv wiio^HHVV JJMMUlp nOlMHl AlvIliPQIilRIio 

MumtiM «rf Jeu^c, 8i*»Tory of oooL Xioettod pobbfe Bmo booldar* 

^^*^MMMidstoM*)<rfHointCRM]iaSalt>roq^,Piiniob. NoAilar itoooo obMned 

OoM MedaU Oaotoj^oal Sodaty of Undon. 1888. 
mMoorSystentaSto^Io^ Igooon rooks of Baipor and IWagbat, OentealProriiwM. 
Saoiw ^ and Mobowgal* eoal4»ld^ Kaabo^^ 

‘ThoCtebonflMOOt 

.. Pw'wtfMjr^oiontaryformotfoosof 81mlaiog!«Hiofl,0!ref Hnaalayao. 

Pan Hm of prfMWadiaa losnl vortabratao. Oaolooy of Nortb-Waat fCmalayu Bioim- 
aaad rott aoulptore. Hamnatttea m Zanskar. 1^ |raps from Barakar and RM^ on j - 


VOL. XXU, 1889. 

Pio*/l (o«fo/pH«f).— Annual report for 1888. IBunrar System in Sontb India. Wajra Karat 
mamondap aqd M. Chapet^ Alleged diaeover|r ol diamonde in pegmatite. Genano poaitien 
01 ao«oal]ed Pleaxoaaiifiis indiotUa Vleaible aandatone or ttaoolaiiLiteg ita natoreo mode of 
Moumnoo In India* and eanae of its flesibiUtya Sivahk and Narbada Oheloniaa 
}wi2 (ovf of pKni).<«tIndian Steatite* Distorted pebbles in Siwalik eoDglomerate> ** Carbonl* 
ferns Oladal Period/' Nofea on Dr* W* Waagen^ “ Oatbonlleious Glaoial Period”* 
Oil-Belda of Twingoung and Berne, Burma Qrpsum of Nehal Nadi, Knmaun* Mateiialt 
tot pottery in neii^boarbood of Jabalpur and Umaiia* 

Part 2 (out of priaf).-<3oal outorops in Sharigb Valley, Balucbiataa* Trllobltea in Neobolna 
nedsofSalUange. Qeologioal notea. Oherra Poonjee ooai-fielda, in KMa UiSa* Oobal- 
tife^na UM from NepAL Prudent ol Oeoloijical Booiety of Itcmdon on International 
Geologieal Oongrese of 1888 Tm-mining in Meigai diatriot. 
/wd<ottio/9^ntW^d-tortMiM)aof8^^^ Peiruofaraaoduantfrom Siwalike. Aaaaye 
from ^mbbar Salt'*Ii^ in BajpataM* Maogaaiferoua iron and Manganeae Ores of Jabal- 
PalagQi^«b»ai:to ^ RIjmabil hilka and Deooan. Tin-emeltiim in Malay 
TjBdnwl^ Fmmoiallbdexof Loeai Diatribation of Important MineralSp iSmeUaneona 
Mmerali. Gem Stones and Quarry Stones in Indian Bmplre ; Part 1* 


/Wl i:edmaoiig ooal-BeWs, Peotoral 

ff ^ Wwttodoiatia Vertebrate vemeiiia fiom Nagpnr 
(Witb deaos^tion ^ fisViriinll). O^stid^ and metmorohfe looka of tSSHt 


vojb. xxm, 1890. 


iVt 8 (aiif prfN4--CM>8y Md Emwhii^ BeaoaiMs OeuBtnr Mmwig andLP 

mbrt^nmt^aad^twtaaa&of maatiybat«aMit«SlSh^^ Juuawy 
tbrnwa 1^ in liW^, ^ IteTSwarmt, WalOav. <k«MM8t a IMiwmm wcM^ 


Tob. XnV, 1891. 

Vif» i {m «/ j>/M).~>Maml report for 1890. Geology of Sell'ieage ot Paoieb. with 
WHtoosidmd Gteoiy ot Oci(^n end Age of Belt-Mari. Gmphito in deeompoeed Onein 
(lAtedte) in Ceylon. Gleden ot Kabra, Paadim, ete. Salts of Sanibbrn Lake in PaJ* 
pataasi and * ndi * from AUgaA in Nortb-Western rtoTinoes. Analysh ot Dolomite 
znta 8alt-faiig0f Panjab. 

Pore 2 (out of XML near M<^bal Kot> ia Sbesitii oounity, Snleiiuim UiUfla Miuaral Oil 

from Stdbiman Hilla. Geology of Luahai fiUlSo Coal-fields in Northern Bhan Btatea. 
Eeported Nams^ka Raby-ldne in Malnglfin States Tonmialine (Boborl) Mines in Maingldn 
State. Salt-range near Bawgyo^ Thibav State* 

Parf S (otti of m"ni),-*-Boriiig in Daltonganj Goal-field, Palaniow. Death of Dr. P. Martin 
Dnnoan. Pifroxenio raneties of Qneiaa and SeapoUte-bearing Kooks. 

PaH i (ovf of pnfii),--->Mamfflalian Bones from Mongolia. Dar jesting Coal Exploration* 
Geology and Mineral Resonroes of Sikkim. Books from the Salt-ran^, Punjab. 

XXV. 1892. 

Pari 1 (otil 0 / pKfil),-— Annual report for 1891. Geology of Thai Chotidli and part of Mari 
oonntry. Petxologioat Notes on Boulder-bed of Balt-rsngey Punjab, Snb-ieoent and 
Beeent Deponts of vaUey plains of Quetta* Pishln* and Daahti-i-Bedalot ; with appendieeH 
on Ohamsns of Quetta s and Axtesuuu water-supply of Quetta and Pishin. 

PaH 2 (oui of pfi9if)««--Geology of SaMd Kdh, dherria Goal-field. 

PaH 3 (otti of prlfit).«*-Looatity of Indian Tacb^kinite. GeologV^al Sketch of conntry north o( 
Bhamo. Eoenomio resources of Amber and Jade mines area in Upper Burma. Iron-ores 
and Iron industries of Salem Diltriot. Biebeokite in India. Goal on Gieat Tcnasserim 
Biver, Lower Burma. 

Pan 4 {out of jiKiil).-— Oil Springs at Mogal Eot in Shirani Hills. Mineral Oil from Suleiman 
Hilla. New Ambar-tike Besin in Banna. Triassio D^sita of Salt-range. 

Voi.. XXVI* 1893. 

PaH t (oul of pnnl).— -Annual report lot 1892, Central HimalaTas. .ladeite in Upper Burma. 
Burmite* new Foseil Besin from Upper Burma. Prospecting Operations, Mergui Distiirt* 
1801-93* 

PaH 2 (oaf of priai) -^Earthquake in Bahichist.vn of 20th Dec ember 1893. Burmite, new amber- 
like fossils from Upper Burma. Alluvial deposits and Subterranean water-supply of 
Beagoosu 

Poff 3 (oul of |)rlfil).--Geiilogy of Eherani HiUb. Carboniferous Fossils from Tcnasserim, 
Boring at Chiandeniagore. Granite m Tavoy and Mergui. 

PaH 4 {out of print).— G^logy of country between Cbappar Bift and Hnsnai in Baludiistan. 
Geology ot part ot TenasBerlm Valley with speoial reterenoe to TendMU-Knmsp/ing Coal- 
field. Magnetite eontidniug MaagHiiese and Alumina. Hislopite. 


VOL. XXVIIp 1804* 

Pori t (oul of pfinl)«— Aimual report for 1898* Bhe^anwala Coal-field* Salt-range* Punjab. 

PaH 2 (out 07 prtnl).— Petroleuin from Burma. Singareni Goal-field* Hydeiabad (Deccan). 
Gohna Landslip, Garhwal. 

Pari 3 (out 4i/ print).fb-.Gainbiisn Formation of Eeatem Salt-iange Glridih (Karharbari) Gold- 
fields. Gbipped (?) Flints in Upper Miocene of Burma. Velates Schmideliana* Chenm.* 
sad ^Tsilates gratis* Sow. ».* m TerNaiy Formatioii ol Lidia and Burma. 

port 4 (OttI qf print).— Geology of wuntlio in Upper Burma. Eohinoids from Upper Creteoeoua 
System of Baluchistan. Highly Phosphatio Mica Periodotites rntrosiwe in Lower Gondwaaa 
l£>bks of BmiptL IBoa-Hypemilieiie-HornbtendePeriaoeite in Bengal. 


Vox.* XXVm* 1898. 

PaH i.-*Aimual report for 1894* Cretaceous Formation of Pondkheny* Early allusion to 
Barren Island. Bibliognq^ Barren Island and Nareondam from 1884 to 1894. 

Port 2 ( 00 $ if prM)-**«U>etaeeouB Books of Southern India and geographical oonditkma during 
later oietaoeousttmee* Eaperimental Boring for Peirolmn atSukkurfrom October 1898 
toMae^lStfi. Tertiary system in Bunna. 

Pori J (oirf^ pr£ie^«««^adelte and other roolm* from Tammaw in U^ Burma. Geology of 
Toobf Lower Goodwanss in Asmntlna. 

PaH 4 (aal Books of Gixwih (Kuthu^tee) Coabfield and their Ckmtaot 

tmelg* vWteSiysnmtcanstmfbofSiweandthoIrm^ Loemr VinrUbyaii* 

|Mer VindbyansieaeiB^ Vs Tertlaiy system in Burma. 


Tqn* XXtXt im. 




Pinri 2 (outo/^»iu).--l?ltra«basic cooks and d^ciTod mioerala of 0halk(Magn6Bite) hillSt and other 
Jooalitka near Salem, Madras. Ck>raiidum looaUtieB in Salem an i Coimbatore distciota« 
Madras. Oomudom and Kyanite in Manbbitm distrlot, Bengal. Aneient Qeograpby of 
“ Oondwana-larid.*’ Notes. 

Pari ^.--Iguecms Books from Ibe Toobi Valley. Notes. 

Part 4 (out of prinQ.*— Sieatiie mines, Miobo mstriot, Burma. Lower Vindbyan (8nb-£aimnr) 
area ol Sone Valley, Bewab. Notes. 


VoL. XXX, 1897. 

PaH J.— Annual report foi 1896. Norite and associated Basie Byke& and Lava-flows in Soutbem 
India. Qenus Vertebtarja. On Gloasopteris and Vertebraria. 

Part 2.--^cetaoeoaB Deposits of Pondieherri. Notes. 

Part 3 (ovi of pr »»/).-— Flow atructure in igneous dyke. Otivine-norite dykes at Ooonoor. Nzca* 
valions for corundum near Pnlakod, Salem District. Ocewrenoe ol coal at Palana in 
Bikaner. Geological s]^oimens collected by A^ban-Balucb Boundaty demission of 1896. 
Puit f •— Nemalite from Af^anisiun. Quarta-baiytes rock in Salem district. Madias Presidency. 
Worn femur of Hippopotamus icia\ adieus, Cant, and Falo., from Lower Pliocene of Burma. 
Supposed 4K>al at Jaintia, Baza Duacs. Peroossion Figures on micas. Notes. 


Vou ZXXU 1904. 

Part 1 {(mi of pritd). — ^IWatory Notice. Copper-ore near Homai, Darjeeling district. Zewan 
beds in Vihi district, Kashmir. Coal deposits ol laa Kbel, Mianwali district, Punjab. 
Dm-BUeng coal-beds, Assam. Sappldiine-bearing rock from Vizagapatam Dibtiioi. Mis- 
eelianoous Notes. Assuys. 

Part 2 {out qf prtn(}.^Lt.-Geiil. C. A. McMahon. Cyclobus Haydeni Diener. Auriferous 
Occurrences of Cbuta Nagpur, &ng8l. On theleaaibilityof introducing modem methods 
of Coke-making at Kast Indian Aailway Collieries, with supplementaiy note by Director, 
Geologioal Suivey ol India. Misoellaneons Notes. 

Pari 3 (nut of prf /li}.— Uppei Pakcocoic foimations of Eurasia. Glaciation and History of Sind 
Valley. Halorites in Trias of Baluchistan. Geology and Mineral Besouroes of Mayur* 
bhanj. Mie^^Uaneoua Notes. 

Part d (oui of prfni),-'-Geology of Upper Assam. Auriferous Ooourrenccs of Aessm. Curious 
occurrence ot Scapolite from Madras Presidency. MisoeUaneous Notes. Indez. 


Vou XXXII, 190d. 

Part I.-*4Eteview of Miuera* production of India during 1898^1908. 

Part 2 (out of pfHU).-.-<Geneial report, April 1903 to December 1904. Geology of Provinces 
of Tsang cuid t) in Tibet. Bauzite in India. MisoeUsneous Notes, 
pari 3 (out of prtni).-.i-AnthracoUthio Fauna from Subansiri Gorge, Assam. Elepbas Antiquus 
(Namadious) in Godavari Alluvium. Triassio Fauna of Tropites-limestone of Byans, 
Amblygonite in Kashmir. Misoellaneons Notes, 

Part 4.-^bituary noticcB of H. B. MedJicott and W. T. Blanford, Kangra Earthquake of 
4tb April 1906. Indez to Volume XXXIL 


Von. XXXm, 1906 . 

Pi/fl 1 (out of jp^inf}.-~Mineral Production of India during 1904. Pleistocene Movement in 
Indian Pei^uku Becent Changes in Course of Nam-tu Biver, Northern Shim States. 
Natural Bridge in Gokteik Goige. Geology and Mineial Eesouroes of NamaiU District 
(Patiala State). MisoeUaneous Notes. 

Part fl.<^General report lor 1906. Lashio Coal-field, Northern Shan States. Namma, Mansang 
and Msn-se-le Coal-fields, Northern Shsn Stales, Bunna. MisoeUaneous Notes. 

Part 3 (oaf of ptnfWPetroJogy and Manganese-ore Dw^sits of Sauaar TahsU, Chhindwam 
district, Ce&fvsl Provinces. Geology of part ol va^ of Kanban Biver in Nagpur and 
CbhIndwsrA districts. Central Piovinoes. Manganite Item Sandur Bills, MiaoellaneouB 
Notes. 

Pivrf 4 (oat qffS^«l).--^mposition and QuaUlyolIn^imCcalsi CiassificatlDa of the Vindbyan 
System. Geology of State of Paima with xeforenoe to the Diamond-bearing Deuositi. 
Index to Volume XXXIIL 


Voti, XXXIV, 1906. 

ikrt L-^FossllsIrom HMcuitesIimastoimof BamhansgfBQ^ XoniaQii, l^per 3kiagda fhima 
fiwm PSsZiin Distrio^ Baluehistahu Geolq^ of pogeim exf Bhutan. OmO Ocoumnees in 
Foot>|rilis of Bhutan, DhndUCkiM^fields CkalimteropstoKotUTehs^ 

/>iwiS(<Mt(o/|)rM).->4Ebwd|ipjMdiro(i(«oilDdiftd«^ Nmumilitw DmviltoL iritli 

rMiMik. (mZaml)>irti<tet^ liidtaii HimuniiatM, Awiteewa Xnirt* la BtadiMn 

iadi.. A b M i d wmwB fcrfOriBwlMrt W«tei^CfWittidyw"ritoM.. mieillMMfM Kotah 

le 



^ W a^wln IWaWot, Bar^ Uvaaot Vvrfud HttJ. 

Belgaum distriet^ and Qibbsite Iroxn ul^kowli, 
bSkS rfSSS, &Sd^“ "* to Zon*» dtaw. 

Nwva Coal-fielda, Upper Assam. Makum Coal*iieids between 
mp and Namdang Streams. Kobat Antioline» near Seikiein, VLymgyan district, Upper 
finima. ^ymmet^ ol Yenangyat-Singa Antioline, Upper Burma. Kortbem pars oi 
UtffiBnm AnitiAiitw. Dwtiict, upper Burma. Breyma MLulfcituboroalata, icom 

YolumeXmV. 


VoL. XXXV, 1907. 

Part 1 (out of 2)r£nl).-«Qeneral report for 1900. Orthophragmma and Lepidooyolina in Ntttnmu* 
litlo Series. Meteoric Shower of 22nd October l903 at Dokaohi and aoighbourhood, Dacca 
district. ^ 

Part 2.*«-Iadian Aerolites. Brine-wells at Bawgyo, Northern Shan States. Qohl^bearuig 
Deposits of Loi Xwaog Shan States. Physa Prinaepii in Maestrichtian strata of Baluoiiistan. 
MisoellaiieouB Notes. 

Part ^.---Preliminaty sonrey of certain Qladers in North-West Himaliya. A.^Note8 on oonain 
Gtaoieia in North-West Kashmir. 

Part in — FreUminaiy survey of sertsin Qlaciers in North-W ost Himalaya. B.— Notes on certain 
Olaoieni in Lahaul. 0.«»Not6S on certain Qlaciers in Kumaon. Index to Volume XXXV. 


VoL. XXXVI, 1907-08. 

Part 1 (otti of prtii<).--.Petiologioal Study of Books from hiU tracts, Vizagapatam district. Madras 
Ft^dmoy. Nepheline Syenites from hill tracts, Vissgapatam district, Madras Presidency. 
Stratigraphioai PositloZL of Oangamupterla Beds of Kashmir. Voloanio outburst of Late 
Tertiary Age m South Hsenwi, N. Shan States. New soicbe from Hugti Hills, Baluchistan. 
Permo-Carboniferous Plants from Kashmir. 

Part 2.-— Mineral Production of India during 1906. Ammomtea of Bagh Beds. MisoeUaneous 
Notes. 

Part 3 (out of print).-- Marine fossils in Yenangyaung oil-field, Upper Burma. Freshwater 
shelhi of genus Batissa in Yenangyaung oil* field. Upper Burma. Now Species of Deodro- 
pallia from Upper Miocene of Burma. Structure and age of Taungtha Hills, Myingyan 
district, Upper Burma, Possila from Sedimentary rocks of Oman (Arabia). Rubies in 
Kaohin hUb, Upper Burma. Cketaooous Orbitoides of India. Two Calcutta Bacthquokes 
of 1906. Misoeli^oas Notes. 

Part 4 (oiU of print).— Paeado-Fucoida from Pab sandstones at Fort Munro, and from Vindhyaii 
series. Jadeite in Kaohin HiUs, Upper Burma. Wetchok-Yedwet Pegu outcrop, Magwe 
district. Upper Burma. Croup of Manganates, oomprisiag HoUandite, Psiloinelane and 
Coronadite. Ocourtenoe of Wolfram in Nagpur distriet, Central Provinces. Miscellaneous 
Notes. Index to VohuneXXXVL 

VoL. XXXVn, 1908-09. 

Fort 1 {out of print).*— General report for 1907. Mineral Production of India during 1907. 
Ooourrenee of striated boulders in Bkdni formation of Simla. MisceUaneovs Notes. 

Part 2.— Tertiary and Post-Terriaiy Freshwater Deposits of Baluchistan and Sind. Geology 
and Mineral Resouroes of RaJjupla State* SnitahUity of sands in Rajmahal Hills for glass 
manufacture. l%xee new Manganese-bearing minerals i—Vredenburgite, &taparite and 
Juddite. Laterites from Central Provinces. MisoeUaneous Notes. 

Part 3 {out tif print).— Southern part of Gwegyo Hills, inoluding Payagyigon-Ngashaiidaung 
Oil-field* Silver-lead mines of Bawdwin, Northern Shau States* Mud volcanoes oi 
Acakan Coast, Burma. 

Part A— Gypsum D^osits in Hamirpur district. United Provinces, Qondwanaa and related 
marine sodSmentary system of Kashmir, .AieoeUauwas Notes* Index to Volume 
XXXVIL 


VoCp* XXXVUl, 1909-10* 

Part i*— General report for 1908. Mineral Pioduoiion of India during 1008. 

Fort 2 (cut of print).— Ostrea latimarginata in ** Yenangyaung stage ** of Burma* Chiua-olay 
and Fire-olay dspoaits in Bajmahal Hills. Coal at Gilhurria in Rajmahad Idljs. ijm 
InHer at OndwSi Magwe distnot^ Upper Burma. Salt Deposits of Raiputana* MitMfa- 
neousKotss. 

Far<3.MCle(dogyotSu*iwu» Jli.lawui,M.kran«iid tbe State of Lu Bela. Hi]^dta.U4iiriiw 
LimertoM in SeWaa and Qeologj «f adjoining wgioii. Fuavlinidt* from Aff^baniitniu 
MteceBanaoiu Not**. 
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^.*««Qeo]og 7 and of Ottto Ptome and Kama, lomett Smsiia (Uitotadlag i 

Namayaa. Padaun^ Taongbogyi and SSIatag). BeoocmUdioii ^ Sten ayatam. 1 a Banna ; 
with notes on Hoitson of OU^aBring Stram (Inalnd^ Qeology olfadank^lii. Banbfta 
Ankmanoin). Postil *6^ Tooth ^rom Pogn ^tom. Bnnmu Noomm »pairt of 
ironaamt ljK»n Oteo of Chanda. CmiMl j^ovino^ Qotdogy ofJkdonlEDAtor* 

lan^ Potrologioal Notes on nmks AOM Aden. Vraoc JnnuMio Poa^ Ifis- 

ooHanooue Notoeu lodox to Voinmo KXXVm. 

VoL. XXXIX. 1910. 

QQiaqtHmnial Beviow of Mineeal Pkodnotion of India during 19(M to 1008* 

VoL» Xlii. 1910 . ^ 

Pmi f.--«Pro-darboAUhroiis life-OProvincoB. Lakes of Salt Boi^eo in the Punjab. Proliminacy 
s^ey id oeirtaln Glaoiors in KimaJaya. B.— Notes on m^tain ^laoioni in Sikkiin. Now 
Mammalian Qonora and Spooks from Tertiaries of India. 

Part 2 (out of prM),«-.Ooa6ral Bopott for 1909. Minsml Prodnotion of India daring 1909. 

Pori d,^Roviaed Olostiflioatioa of Tertiary Freshwater Bopotits of India. Itoiision of Silurian 
Tnas Seqaenoo in Kashmir. Fonastella«boaring beds in Katiimir. 

Fmi4.^Ahm Shale and Alum Mannfaoture. Kaiabagh. Mianwaii district. Punjab. Coal* 
mlds in North^Bastem Assam. Sedimentary Bepotirion of Oil. MisoeUanootia Notes. 
BkdextoYoliimeXL. 


Vot. XXO. 1911-19. 

Pori i*"->Age and oontintxatimi in Bepth of Manganese*ores oi Nagpnr-Balaghat Area. Central 
mvinoes. Manmuuse-ore deposits of Cangpnr State. Bengal, and Bistribation of Qondite 
Series in India. Balaohistan Barthquako of 21st October 1909. Identity of Ostrea Pro- 
mensis. Noetling. from Pegu System of Banna and Ostrea OigitoUna. Biohwald. from 
Miooene of Boro^ Mr, T. R. BJy tb. jMisoelbuieotts Notes. 

Part 2.<*--Generat Report for 1910. Devonian Fosaila from Qhitralf Portia. Afghanistan and 
Himalayas. Sectioas in Pir Paajal Range and Sind Valley, Kashmir. 

Psti Prodnotion of India daring 1910. Samartidte and other minerals in Nellore 

Distnot, Madias Praidenoy. Coal in Namohik Valley. Upper Assam. MkoeUaneoas 
Notes. 

Part ^.'^Pegu-EGo««e Saeoession in Minba IMsfcriot near Ngape. Geology of Henscada Bistrict. 
Barma. Geology of Lonar X^tice, with note on I^nar Soda Deposit. International 
Qeoiogioai Oongtoss of Stookholm. Misoellaneoas Notes. Index to Vdame XIJ. 


Voiiu Xm. 1912. 

Part I.— Snrvival of Miooeae Cyater in Recent Seas. Silurian Fosasls from Kashmir. BlOdite 
tern Sait Range. Gold-bearing Bepotits of Mong Long. Htipaw State* Northern Shan 
States. Burma, Steatite Bepoma, Idar State. Misoellaaeoos Note. 

Port 2.-«G<ineral Report for 1911. Biootyledonoos Leaves from Coal Moasumi of Assam. 

nti^ Glacier. Kamaott. Himalaya. June 1911. Misoellaneoas Notes. 

Part 34-^maaiul Prodaotion of IndUa during 191 1. Kodurite Setiss. 

Port A'***Geoiogieid Reco nn aissan c e through Dehong Valley, being Geological Results oi Abor 
Ibgl^tion* 191142. Traverse Across the Naga HUls at Assam. Indian Aerolites. Mis- 


Von. XLni. 1918. 

Pari I {oui of pr«i»l}.'-*-Genend Report lor 1912* Garnet as a Geologioal Barometer. Wotiriunite 
In Tavoy District. Lower Barma. hCsoeilaneons Notes. 

P)sr|9{otffe/|irvfti).-«*MineralProdaotionef India daring 1912. Relationship of the Himalaya 
to the Inoo-Gangetic Plmn and the Indian Peninsula. Hambe^te from Kashmir. 

Part d.---Ckmtriinitioosto the geology of the Peovinoo of VOanan la Vwtern China i L--43haaio- 
T9|m VOeh Area. IL---^tMogy of Votoaido Books of 3^ The Kirua 

Hills. Banswal Aerolite. 

Part A— Gold-bearing AUaviam of Chtndwia Elver and Tributaries. Oomlation Of ' riiwaiik 
with Mammal Eorjaona of Buirope. Oontribations to the Geology bf the Provinoe of 
YOnoin in Western China: IIL-^tmti|^phyof OrdovitiaaaodBUuriimBedaof West^ 
ximiian. vrith Frovigional Palaontoloiiotl BeterminatkHU. NoOimi ^ ** OacotarooriniKS 
Atial!teua"» from Burma. 


V09C.. xLiVt mo. 

Part L^Ganeral Report for 1918 . Osrbonaoeons AArplite ioom Re^tana* Nummolite 
aa Sksih ?<MoUs» witit dasSiiMte 

Part to tiie Geolw Of the Provtiice of (XhinlM In WOritiSA'CnMiiai 

Ooanlgy hroand Yimnaa fn. .Bylm of white Trgp lDcaAPeaoh?M>F 0 ^ 
waraBiiMot» Centnd ftoriAOOA Ifeaeral ammmidm l 9 MkT. 





near Yaw Riyar, Pakokkn t>iskrilat, TJppar Burma. The Monosite Sands 
fld Ttayaaoofs. Lower Gnetaeeoua Yaana from Himalayan Oiemnal Sandstone together 
wjHih deacripldon of a few fosaila from Chlkkhn mies. Indaiotoa salmontafiiia BUgcim. 
Yntara Beheading of Son and Rer Riven by Hasdo. 

Fori Bepoeite of Cis-Indas Salt Range* Teeth referable to Lower Siwalik Creodont 

genus * XHssopsalia^ Pilgrim. Glaeien of DhanU and Liaiiar VaUeya, Knmaon, Himalaya, 
September 1912. Miiodlaneoiu Notes. 

^ VoL. XLV, lOia. 

Fori 2»*-<iNew Siwaiik Primates. Braohiopoda of Namyan Beds of Burma. Misoellaneoas 
Note. 

PaH 2.*«<43eiieral Report for 1914. Note on Sivaelams and Paramaohaerodus. 

PaH d.-«Mmeral Produotion of India during 1914. Three New Cndian Meteorites. Knttip- 
param, Shupiyan and Kamaagar. Dentition of Tragolid Qeuus Doroabttiio» Hematite 
Ofystala of Oorundiform Habit from Kajlidongri* Central India. 

Part 4.«-C}eo1ogy of oountiy near NgahUtngdwin. Geology of Chitial* Qilgit and Pantlrs. 

Vot. XLVL 1215. 

Quinquennial Review of Mineral Produotion of India for 1909 to 1913. 

Von. XLVIL 1216. 

PaH f.*-4>eneral Report for 1215. Eooene Mammals from Burma. Misoellaneotts Notes* 

PaH 2.*-The Deooan Trap Hows of Linga* Ohhindwara Distriot. Genital I^vinoes. Iron 
Ore Depuaits of Twinngd* Northers Shan States. 

PaH d.— <-Obltaary : R. C« Burton. Mineral Produotion of India during 1916. Plemingostrea* 
an eastern group of Upper Cretaceous and Eocene 08treid»t with descriptions of two new 
species. 

Pari 4.-*^ntribution8 to the Geology of the Pio vines of Y &nnan in Western China : 5. — Geology 
of parts of the Salween and Mekong Valleys. A fossil wood from Burma. The Visoni 
and Kkh Khera Aerolites. 


VOIm XLVIIL 1217. 

Pari i.*^Geoeral Report for 1916. A revised olassifioation of the Gondwana System. 

Pari 2.-— Mineral Production of India during 1916. Mammal oollootions from Basal Beds of 
Siwaliks. 

PaH d.-- Crystallography and Nomenclature of Hollandite. Geology and Ore Deposits of 
Bawdwm Mines. Miscellaneous Notes. 

PaH 4.>^Biana-Lalsot Hills in Eastern Bajputana. Origin of the Latorite of Seoni* Gcntiai 
Provinoes. 

VOL. XLIX. 1918-19. 

Pari General Report for 1917. Casriterite Deposits of Tavoy. Los Echinides des Bagh 

PaH 2.**Minera] Produotion of India during 1917. Support of Mountains of Central Asia* 

PaH d.— Structure and Stratigraphy in North-West Punjab, Aquamarine Mines of Daso* 
Baltistaii. Snoiongal EarthqueSce of July 8th* 1918. 

Pari 4. — Possible Ocourrenoe of Petroleum in Jammu Province s Preliminary Note on the 
Nar-Budhan Dome* of Kotii TebsU in the Punch Valley* Submerged Eorests at Bombay. 
In£ra*Tr^?peans and Silicified Lava from Hyderabad« 8. India. 

VoL. L* 1919. 

Pori L-^i-GeDeral Report for 1918. Potash Salta of Punjab Salt Range and Xohat. Origin 
and History of Kook^aalt Deposits of Punjab and Kobat. 

Pare dho-Tuogston and Tin in Burma, IneHnation of Thrust-plane between Siwalik and Mume 
sons near Kotii* Jammu. Two Now Fossil Localities in Garo Hills. Sanni Sulphur Mine. 
Miscellaneous Notes. 

Part 9 {<mt of ]^o4w),ioa ol India diuinu 1918. Gonttopoda Fauna of Old 

lotn-lMda ia Uppw Bimaa. Oolena Dopooita of Nonn>Baidem Putoo. 

PWft 4 (oitl of ]wint).->fitoliblaido« Uonosite and uUwr mfnerolafcom I’Mhliii, Oajra distrlot. 
Bmor ood Qriwo. Notnnl Qo, in Bitamiaonn Salk from Koliat. UQnwol BMoOfooa of 
Omtnl Ptovinke*. MJaaeUiuimwa Note*. 


Vox. U. 19S0<Si. 

Pmt /.•’-OenenI lot 1919. PMudo-aiyitala of Qtapbite bom TravMioor.. Mfaiml 

raiat^ to Zenmmo from Maabhnm Bfateiot. Bihar and Orian Pfovinoo. Goal Smhus 
of Ihot>£Ulli of Aaokaa Yomo, botween l«tpan Yaw in Polcokka and Ngapb In Miaba, 

on *• Pbyra Prinaeidt.'’ Soworby and on a Olioaid Sfoi^s 

B«t loarfl Gypr^ddio. iialphar aMr fb. Moflumoa of Otwter Bbb 

wjtb'a. IbaniMtiwfak MiMoUanron* Bol««. 

d.-» JBwiml PiQdn«tlo«''« India diiiiag'1919!i Becalto of a SMfaiaB of iDr. 'IfiMiliiu** 
«« at BorBwy Ffuna Bnjna*. tfwin. VomOi 



IS 



Part — IDuBtrated oomj^atiTa Dia^oies of ‘S’osail Terebridw from Burma. ludiaii Fossil 
Vivipario. New fossi] CJnionid from tbe Intertrappean beds of i’etiiiuittlar India. UaiotiidflS 
from the Miocene of Burma. 


Vox. LII» 1921. 

Quinquennial Review of Mineral Production of India lor 1914 — 1918. 

VoL. Lm, 1921. 

Pari I.«-»OAnoral Report for 1920. Antimony deposit of Thabya» Amherst district. Antimony 
deposits of Southern Shan States. Cmlo^ and Mineral Reaooroes of Kostem Perala. 
MuKieilaneons Notes, 

Part 2.— Compmtive Diagnoses of PiomotoinidA from Teitiaiy Formation of Burma. Com* 
paiative Diagnoses of Oonidsa and Canoeilariidie firom Tertiary of Burma. Stratigraphy, 
FosbiIb and Geologicfil Relaiionships of Lameta Beds of Jubbiupore, Rooks near Lamta 
Ghat (Jubhulpore Distriot). 

Part $ (o9U of print ). — Obituary t Frederick Richmond Mallet. llBiietel Production of India 
during 1920. Mineral Kesoutces of Bihar and Orissa. 

Part f.— Stratigraphy of the Singu-Yenangyat Area. Analysis of Slngn Fauna. Sulphur 
Doposita m Southern Persia. A Zone-FossU from Burma ; Ampullina (Mogatyiotus) 
Bixmanioa. 

VoL. LTV, 1922. 

Part Z » — General Report tor 1921. Contributions to the Geology of the Province of Vdnnan 
in Western China ; 6.— Traverses between Tali Fa and Yunnan Fa. Geology of Takkt 
Zam Valley, and Kanigumm-Makin Area, Waziristan. Geolouv of Thayetmyo and neigh- 
bourhood, including Padaukbin. Bitumen in Bomh^ lalana. 

Part 2. — ^Mineral Production of India during 1921. Iron Ores of Singhbhum and Orissa. Geo- 
iogtcal Results of Mount Everest Reconnaissance Expedition. N<»theni Extension of 
Wolfrem*beaiiiig Zone in Burma. MisoeUaneous Note. 

Part 3. — Obituary: Rupert William Palmer. Indian Tertiary Gastropoda, IV. — Olividse^ 
Harpiclse, Margmellidm, Volniidce and Mitriclm, with comparative diagnoses of new spooios, 
Structure of Cuticle in Glossopteris angustifolia Brongn. KeviHion of some Fossil llaUno- 
morph Baimdes from India and the East Indian Archipelago. Contributions to ii^ Geo- 
logy of the Province of Yunnan in Western China : T.-^^R^onnaisaanoe Burveya between 
Shunning Fu, Ohingtong Ting and Tali Fu. 8,-— Traverse down Yang-tae-chiaug Valley 
from Ciun-chiang-kai to Hui-jj-Chouu Boulder Beds beneath Utatur State, Trichinopoly 
District. MisoeUaneous Notes. 

Part 4.— -Geology of Western Jaipur. Geological Traverses from Assam to Myithyina through 
Hukong Vuiey : Myitkyina to Northern Putao : and Myitliyina to Chmese Frontier. OH- 
gocene Eohincidea oollMted by Rao Bahadur S. Sethu Rama Rau in Burma. Mineral 
Hesources oi Kolhapur State. Kunghka and Mannaldang Iron Ore Deposits, Northern 
Shan States, Burma. 

Vou LV. 1928*24. 

pari i,---General Report for 1922. Indian Tertiaxy Gastropoda, No, 5, Fusidm, TurbineUidm, 
Chrysodomidss, Stsopturidss, Buccinidas, Nassidss, Columhellidm, with short diagnoses of 
new species. Geologioal Interpretation of some Recent Geodetic Investis^tions (bring a 
second Appendix to the Memoir on the structure of the Himalayas and of the Gangetic 
Plain ikS efuridated by Geodetic Obaerrations in India). 

Part 2.— Obituary t Ernest (Watson) Vtedenburg. Fossil MqUubqs from Oil-Measures of Dawna 
Hills^ Tenasaerini. Armoured Dinosaur from Lameta Beds of Jubbulpoie. FossU forms 
cvfPlaouna. PbyLogony of some Turbmrilidss. Recent Falla of Aerolites in India, Geobgy 
of part of Khosi and Jaintia Hills, Assam. 

Part J.-^-'Mineral Production of India during 1922. L^nitlo Coal-firids in Karewa formation 
of Kashmir Valley. Basic and Ultra-Baric Members of the Chamookite Series in the Contra; 
Provinces. China Clay of Kari^, Khanatnir, Brigaum District. 

Paif 4.*-Gbiiuary $ HGenxy Hubert Hayden. Oil Shales of Eastern Amherst, Borma, with a 
Sketch of Ooclogy of Nrighbouxhood. J^visionai list of Pabsozoic and Mesosoio Fossils 
coUeoted 1^ Dr. Cpran Brown in Ytlnnan. Fall of three Meteoric Irons in Rajputana 
on 2<)th May 1921. MisoeUaneous Note. 

VoL. LVI, 1924-26. 

Pori Jt.-«General Report for X92S. Mineral Deposits of Burma. 

Pofi ^.'---Mineral Production <4 India daring 1923, Soda rooks of Rajputana. 

Part 3.-— Oyrodte add Okenlte from Bombay. Freshwater Fish ftam ott-meosuxes of Dawna 
BJJis. Fossil AmpuUariid from Pocmdi, Kashmir. Gatcareons Aljga brionghm to Triplo- 
poreillest (Dssyoladaoess) from Terrim of India. Froth Flotation of Indian Coals. I^b- 
marine Mud Bmptioiiu ritf Arakah OwAf, Bnnna, Cretaceous Fosiile from Ahtbuoistsii 
sndEhoKsssn. 


Pwl Menub Meteorite* Ste^on Oaneaa in Out'^r Siwalike of Jamma. lAnd and Frenh 
water IToBeil Molluscs from KaiewaR of Kashmir. Burmese Ltgniios from Nammoy Lasbio 
and Bank. Mauiypur Salt Works, 

VoL. LVII, 1025. 

Quinquennial Review of Mineral Froduotion of India for L0104923. IMoe 5 lis. 10 As. 

VoL. LVUI, 1925-20. 

Part i.^General Report for 1924. Fossil Tree in Panchet fSerics of lower Oondwanas near 
Asansol^ with PaUeontolomoal Besoription. 

pQ/ri 2. — Obituary : Francis William Walker. PossibiUtios of finding concealed cool-field at a 
workable depth in Bombay Presidency. Basaltic Lavas penetrated by d(*ep boring for 
coal at Bhusawal, Bombay Presidency. 

Part 5.-— Mineral Production of India during 1924. KnstatUe-Augito Sorios of f^yroxenos. 
Constitution of the Clauconite and CdLadoniie. Palagonite-beanxig Dolefite from Nagpur. 

Poft 4.-— Fossiles Or4tao48 de I’Afghanistan. Fossilos du Kashmir et des J^inirs. Additions 
and Correotioiis to Vredenbuig's Classification of the Cypiteidie. Petrology of Rooks Irom 
Gimar and Oriiam Bills, Kathiawar, India. 

VoL. lilX, 1926. 

Part i,— Ceneral Report for 1926. Foraminifera of ports of Western liidia. 

Part 2.— Sampling Operations in Penoh VaUey Ceal-fi.eld. Composition of some Indian Garnets. 
Geology of Andaman and Nicobar with special lefexenoe to Middle Andaman Islaud. 

Occunonce of Cryptohalite. Remarks on Carter's Qonus ConuUtes. 

Paii 3. — ^Mineral Production of India during 1925. Metamorphio Rooks and tutrusivo Granite 
of Chhoia Udepur State. Indian Species of Conoclmus. 

Part 4.— -Low-Phosphorus Coking Coal in Giridih Coal-ueld. JDisiribution of Gault in India. 
Age of so-called Banian Fauna from Tibet. Bauxite on Korlapat Hill, Kalahandi State, 
Bihar and Orissa. 

\oL. LX, 1927-28. 

Parti . — General Report for 1020. Six Recent Indian Aerolites. 

Part 2,-— Gas Rruption on Ramxi Island, off Aiacan Coast of Burma, in July, 1026. Oil Indi- 
cations at Drigh Road near Karachi. J^wer Canine of T< traconodou. Geology of Bundi 
State, Rajputana. 

Part 6.— Mineral Production of India during 1926. Geological Traverse in Yunaslin Valley. 
Ambala Boring of 1926-27. Indian Unkmidm* 

Pan 4.— RelationsWp between Specific Gravity and Ash Contents of Coals of Korea and Bokare 
Coals as Colloid Systoms. Contact of Basalt with coal-seam in the Isle of Skye, Scotland. 
Comparison with Indian examples. Barakar-lronstono Boundary near Begunia, liamganj 
Coal-field. Ranigauj- Panchet Boundary near Asansol, Rauiganj Coal-field. Permo- 
Carboniferous Marine Fauna from Umaria Coal-field, Geology of Gmaria Coal-field, 
Rewah State, Central India. Composition and Nomenclature of Chloropbcsite and Pala- 
gonite, and on ChlorophcBito Series* MisceUaneous Notes. 

Von. LXI, 1928-29. 

Part U — General Report for 1927. Actinodon risinensis in Lower Gondwanas of Vihl district, 
Kashmir. Miscefianeous Note ; Further Note on Nomenclature of HoUandite. 

Part 2.-^ntribution to Geology of Punjab Salt Range. Iron Ore Boposits of Northern Shan 
States. Tiower Canine of Indian Species of Conohyos. Misoollaueous Note: J^euoopy- 
xite from Kodarma, 

Part J.-— •Mineral Production of India during 1927, Note on Coking Tests with Gondwana 
Coals. Zino-Spinel, from Southern India. New Indian Moteurite : Lua Fall, Miscella- 
neous Note : LfiUingite from Bazaribagh Bistrict. 

Pant 4.*-Etratics of the Punjab. Cretaceous Binosaurs of Trichinopoly Bistrict, and Rooks 
associated with them. Orlfitolina from Tibet. Joya Mair Borne Fold, near Chakwal, 
Jhdnm Bistvict, Pimjab, Ocenmooe of Al^ophane at Tikak, Assam. MiRoeUaneous 
Note i Austialian Spedes of Genus QirorUa. 

Von. LXn, 1929-20. 

Part 7.— Genend Report for 1928. MisceUaneous Note : New Chromite Localities. 

Pari 2.-— Obituary : Slvatan Sethu Raina Rau. Speoifio Gravity and PHodmate Composition of 
Indian Vitrains. New Bevoniau Fossils from Burma. Rangoon Earthquakes m Septem- 
ber and Becmnber 1927. Epicentre of North-West Himalayan Earthquake of 1st Febmaiy 
1929. MisceUaneous Notes: Indian I^eryl, Ataoamite in Bihar and Pyromorpbite in 
Bhagaipur district, Bihar, 

Part J^-^fmeial Produetion of India during 1928. Oranophyrio Ttadbiyto fitom Saleetie Iriandv 
Bombay. Coal Resooxees of Jharia Cosl-fidd. Coaliori^by Fixes and OoUapses in Indian 
Coal 

fM^v—AgBolAraivalliRaag,. 

Bn»to-OMKHdfe«ra.Siiooa,riinin WiurA« TalkT.Wwtmi Satt tUnga^ Punjab. HaoU 
<]C^danriM4) IMmio SQmiaa «t SMb Sartaiuaa ItO. K Baea B aa n eoca Kotesa Borfag 
io, iiatera«I)a^iar aadlbeiaB^ab x^Raa^rMUgi 
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